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A 1 Istracl,

‘J’llis  l)alw]’ co])si(l(w  tll(’ (l(’cisio]l-lll;  llii]lp,  J)lO1)l(’111 of S(’lcctit]g  a Str:lt(’gy  fm]ti a S(4 of al-

t(’]l]:ltiv(w  OII IIIC lmsis of i]]co]l]ldctc  i]lfo]]llatioll”  ((p,., ii fillitc  IIUIIIIJCI  o f  c)l)s(’)i<itiolis).  At aIIy

tilllc  111(’ Systclil  ( ’ i I l l  :l(lO])t :1 lmrticulal’  St l“at (’gy  01’ (Iwide  t O /,iltll(’l’ addit  io]lal  illfol’lllilt  io]l :11

s(m I[’ cost.  I{alallcillg  tlI(’  cxlwctc(l lltility  of (1)(’ I)(’1V illfollliati(n}  :\p,i\il)St  tlI(~  c o s t  of ac(]uiril)~

i 11(’  illfo]l]]at  im) is tll(’  (’(’]lt ]ill 1)]”01)1(’111  IV(’ ii(l(ll’(’SS.

III (NII a] J] IIoaclI,  tllv  cost  aIId U( ility o f  :i])])lyilig  H ]):irliculal  S1 Iat cgy 10 a giv(l)  ]m)l)lcIII  aw

I c])ws(’IItml  as lalI(lmII vdlial)lm  froll]  a ]Jaliillld  lic (list]  il)llt io]l. IIy ol)s(vi’illg  1 11(’ 1)(’lfc)]]t):l]l((’

of (’:1(’]1  Stl”ilt (’gJ’  (Ill a l’:lll(lollllj” S(’]C(’t(!(l  S:IIII])]P  Of ])1  01)](!111S,  }+’(’  (“till  11S(’ ]):ll”alllCt  Cl’ (’St  ill lilt ion

t (Iclll[iqucs  t o illfcr  s t a t i s t i c a l  II Iodcls of ])(’lf{)lll}:lllct  mI tl}r p,cIImal ]){qmlai  im] of ]rol)lc  II Is.

‘I’l Icsc  II I(dcls  cal  I tl)cll Iw Ilsc(l  10 mtilllatc: ( 1 )  t  IIc Iltility  alId CM of ac(luilillg  ad(]it  iw)al

illfoll[l:ltioll;”  alI(l  ( 2 )  III(I dcsiral)ilit,y  of s e l e c t  illp,  H ] mrticular  st lilt  cgy ftmll a W1 of cl)oiccs,

II;l[l])iri(:ll  rmults  aw ])rcsmItd  that (lm)lollst  r a t  c tllc {Wc[ ivcllcss  of tl)e ]Iylmt  IIrsis waluat  ion

t(xl)lli(lllcs  fol (ullil)g  sJ’stcIII ImIaIIICt  CIS ill a N A S A  iil)t(’]i]t;l  .wltd(llitlp,  al)])licatioll.

Kc!ywolds

}l~i~(.llill(’  lc::llllilig,  tllc  u t i l i t y  ])ml)lcIII,  ])lall]lillg  EIII(I scllcdlllillp,,  ]mrnlt](tcr  cstilllntiml,  a(la])

Iil’(’  ])lol)l(’lt)-sol~ril}g”

III II Ia(lIiII(I  l(JarIIi  IIR  al](l Imsic (l((:isio]]-]l):]l:i]l~,  iII A l ,  ii syst(IIII  II IIlSt I(IasoII  nl)out  a-

(I(m)atiw  (OUIWS  of’actjio]l”  iII tlI(’ al HIIIC(I  ofl)crf’(’(t i]] f’()])llati ()]]; f’IwIII(:IItly, tl)c (’xlmtc(l

Illility of ’tl](” i]] f’or]ll:]tio]]”  to 1)(: a(qlli](xl  ]1111s1 1)(’ l)~llilll((!(l :lgilil]St tll(’ cost of’a(qui]i]]~  tll C

ill fol’llliltioll.”  Wll(’1]  01)(”  wish (++ S0111(”  Sol’t)  of’St>\tiStli(’ill  [;ll:ll’:lllt(’(’s  011 111(! (10( ’;11) ()])tilllillit~r

of ’tll(”  cl)oi(w  aIId/01  tlI(I  p,uaraIIk(I  of)titio]l:ll  itj’,  ” a slatislica]  (I(jcisio]) tll(wrcti(: fra]t)(w(mk

i s  llwflll. ‘1’l}is  l)l’O1) 1(:111 of CI(’cisioll  -lllill{ill:,  \\ ’it]] i]lco]l]l)l(:t(”  ill fo]”llliltioll”  :IIICI  i]] for]llatjioll

(’OS(S  (’ill]  1)(’  i111ill~7Z(!(l  i]] t4W()  })~11’tS:

●  llo\V 11111(1)  i]] forlllatioll”  is(’lloup,ll<? At\~ll:\tl)oil]tclo\\(”  lli\\(  :{(l((lll:~t(:il )fo]]l)iitio]l” to

s(’lc(t,  011(1  of tll)c :~ltl(’l]l:~ti\’(’s’/

●  lf’()]lc wisl]cs to acqllirc  11101(1 i]lfol]l]:~tiol],” w’lli(l]  i]lfor]]]atlio]l”  I\’ill  allow us to II Iak(I

tlI(I Iwstl lmsil)l(~  (1(’(isio]l at, lIal I(l wllilr  ]t]i]]ill)i7il]g  illf’orl))atio]l  costs’?

l’(wil)l(’ sollltlio])s”  to tl)is (l(’(:isio]l-]l  ):llii]]g,  (]ll~lll(lilI’J’  (l(’1)(’1  1(1 011 tllc  Col)l(xt  i]l ul]i(:l]

tlI(! (1( ’(:isio]l  is lwi]]p, IIla(lr. ‘1’l]is ]m])cr foc(ls(w o]I all [Il)stract class of (I(cisi(nt l) Iol)l(IIIIs

(“ill l(’(1 l/:i/]Wl}l  CSicS SCICCt’i07/  j)7”()/)l(:?//(S  tll:lt  ill’i  S(’ ill ]Il:]]ly  (W]lt(’xt,’+  il) ]]]ac]]i]l(’  l(!ill’llil]p,.  ‘1111(%(’

I) I{ AI”I’ ()(([  )11(1  6, 199.4
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])IOIJ1(IIIIH  [Iris(I  }VII(JII  (J]J(I  II Illst s(Il(I(4  III(I  l)cst  IIjl)(jtl](wis  (s11(1)  a s  IIy])otl](wim(l  co]l((:])t

(Ics(:ri])tio]],  or a ly]mtl](wizd  ])iol)l  ( ’ ] l]-soil ’ i l ]p,  ” 11(’ll]istio  f’rolII  a sot, :,iw’]1  its ])(I]f(JIIII:l]I(:(J

(n7(v  SOIIIr  tjrai]]illg  (lata.  l“or (IX: II II])I(I, i]] ad:~])tiw’  ])ml)l(I]II  solvil]g a  1(’arllillg alg(witlllll

llIlW{l  s(’lc(:t,  fro])] a s(’t of  jmssil de co] Itl(d  sljratjcgi(’s) 011( ’  t’llnt 1110s[! Cllllallccs  ])1’01)1( ’11)

solvil)g l)(IIfoIIII:lII(;(~  [1 ], [2]. III illdu(:tjil’(’  l(:a IIIi IIg tll(’rc aw two jssll(w  wlli(:ll  arc IJatllrally

s(I(I1l as lIy~K)t,llcsis  s(’1(’ctiol~  l)rol)l(IIIIs:  tl~c atjtril )ut c sclwtiol] l)r(Jl)l(’111  c(nlsist)s of s(’1(’(:til)g

OII(I of a S(I1 of attfril)utcs  lmsc(l  ()]I illf’orll]atioll”  ~aill  [3], [4]; aII(l tll(’ II IOd(Il s(’l(wtlioll  l)Iol)lclII

(:ollsistjs  (d’ s(’l(wtli)lp,  01](I d a sot of l(IarII(xl lIIo(l(Ils (e.g. lHIIII(I(I (1( ’cisioll  tilw+) lms(d OII

tll(’ir (:l;\ssifi(:itioll a(xwIacy [ 5 ] .  AltlIou~,lI  IIylmtllesis sclcctioll  Im)l)lcIIIs occur ill lIIa IIy

(ollt(’xtls, ill th i s  a]ti(:lc wc wi l l  lIs(’ tlllc t(’i])]i]]olop,  y” :~l)l)lol)]i:itl(”  f’ol a(la})tivc l)ml)l(lIIl-

solvil]p, - so tl]at, a((jui]’i]]g  a(l(lit,io]]a]  il]f’o]]ltatio]]  (v]wsj)()])(ls to solvi]lp,  l)rol)lm IIs wit]]

a  lmrt)i(’lllar  I)IV1)ICIIII  solvi]lg  strat(yy  aIId  sd(’(’till[:  a  l)lc)l)l(’111-sollrillp,  stratq:y  Ivit]]  l]igl]

(xl )(’(t(’(l  l]tilitjj~ is tll(: goal.

Solvillp,  IIyl)ot,ll(wis scl(wt,ioll  l)iol)l(IIIIs II]ay illl’olv(” sigllifi(:allt illwwtllll(’llt

‘1’1](’1  (I lII:Iy 1)(I IIIOlI(:tl:ll~”  cost jl] ol)tlail]i])g  traillil){~  (lata aIJd collll)lltiltioll:~”

(:wsillg it. llsual]y  fllis (:ost is a(l(lrcssd Iy illforllla]  or il]tllitiv(’ ,jll(lg(’lllrllt

of r(’solll’(”(  ’s.

c o s t  i]] 1)1()-

ratll(:l”  tjllall

a ]atio]):ll analysis of t)llc costs a]I(l lm)ditls  i]mwlw(l, ‘J’l]is 1):11 m j]]tlrodu(:(w  t~iw gNI(IIal

lII(IllI()(ls  f’()] solvi]]g IJjq)otll(wis  s(’l(wtjio]] alp,()]itl)]]]s (’fli(:i(’]]tlly  aII(l (1:1(11  ]I]ct,l]od ca]I 1.)(:

aIIgy  II(JIIt(I(l  wit)]]  ratio]]:]] a]]alysis to II]i]]ill)iz(’ t)l]c total  cost of s(’lc(ti]]p, a l)yl)otl](wis. ‘1111(1

fi]st II](:tl]()(l,  (allc(l  i7/ic711(/l-/)(I  .sc(l .Sdc(:tio?r,  il]wlv(w  qual)tif’yi]]:,  tllc ll]l(mtai])ty  i]i (:ol])-

})(ii]]p, IIy})ot]](’s(’s l)y llsi]]~ tll(’ statistical] co])ii(l(’]l(c  tllilt  011(’ IIyl)otllcsis is 1)(’L1(’I  t]]al}

al]otl)( ’]” IIyj)otllosis.  III tl]is al)l)roacll  tl](’ sjwtj(’]]]  all(x:~tjcs  (IX HIII])I(W  to slI(n\r tj]]nt  OII(! lly -

l)otl)(wis (loll)illtlt(ls al] t,l]c ot]lel ltyl)otl)(ws wit]] 1 II(I sl)(’(:ifi(’(1  collfidcl)((’. ‘J’l I(Is(I IIl(illo(ls

also rely ul)oII all illdifl~w)l(x’  lwalll(’tl(’r if’ two lIyl mtlI(w(Is (liflw ill I)(IIfoIIII:  II I(:(: I y less

tllall  this allloullt, (Jitl)cr is nc(q)tHl)l(I.  1

‘1’1 I(: s(I((HI(l  IIl(tl]()(l uses tll( (I(wisim]  tll(wr(’ti( (:011 (:(’ 1)1 of c:qmtc(] 10ss [7], [8], wlli(:ll

II I(I:ISIIY(IS 11](’ l)rolml)ilitly  of IJ]akillp,  a  1(:ss  ]) Id’(Iral)l(I  (1(’(’isioll  wciglltd  I)y tlIc 10s1 Iltilitly

u’itl] ](’s1 )e(. t to tlI(J altj(v]]ativc  (Jloi(r. 111 1)1(’ (’xl) (’ct(d 1 0 s s  a])])  i”oa(ll,  tll(’  Syst(’11)  ;l(:-

(]uircs  i]] f’(m]]at io]) ll]]tlil  tl]c (xlm:tjtd  loss is r(xlu(wl 1 w](nv so]IIc s})(’(:ific(l III AIO1(I. ‘J’l]is

“1’l)is  fc,]l]lalis[ll i s  a]]alop,o[]s  {c, tlic  llA(; [ 6 ]  fIaIIIc\v{I:k ( ]11  (Il)al)ly” “:IJI]JI (Ixil]lalf,ly’) “c{~t  t c,((” I)ia]js 0111  c)

“J1lol)ill)l~’”  ‘((’lOS(  10’” ‘[lligllcst CXIWCICCI u(ility”.

()( 1(1})(1  (i,  1994 l)l{Al”J’
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:lIJIJI():L(JII IIas {II(! a(l(lc(l  1)(111 (Ifit of II()(, attt’l)ll)till{: to (Iislil]glli,  sl} aIIIOIIg t~~’o II Y]) 0(1 I(WS

lvitl]l  sill)ilar  ]IIc:I]Is  aII(l  l o w  variall(us  (( I.:,., it 1(’(wglliz(w  ill(lifl’(’lrl  1(.(1 }vitllol]tj  a  s(’})aratlc

ill(liil’(w’11((’  1):11 :1]1](1((1]).

1“01 lmtlI  tll(’ i]lt(’1~:11-l):is(’(1  al)(l  (x])(’ctc(l loss a])])macltcs, wlI(III  col])])ari]]p,  alIIOII& ]IIOI(I

tlla]]  two 211tl(’]]]:~ti\~(’s,  o]I(: i s  co]l]]mri]]p,  tll I(I Iltlilitl,v  d tlI(I “lwst” l]ylmtllcsis  to tl]c otll(v

l)ossil)l(”  IIyj)ot)ll(ww. Sil]cc tlI(w arc l)]ultlil)l(’  (ol])l):ilisolls,” tll(’ (Ist il)latlr  fol tl)(:  mwall

(Irlol ill tllc fil)al col)clusiol) (s(’lc(:t<iol)  o f ’  a  lwst IIylmtl]esis)  i s  lmml U1)OII  tl]c  (Irrors

:lsso(’i:~t,(’(1  lvit,ll  Illllltlil)l(!  slIIall(’1 co)lcl(lsiol]s.” III 1 mt 11 t l~c il~t(’1}~~1-l)~lsc’(1  alId (wlm:tc(l

loss tl]q)l’oa(’ll(!s, it i s  l)ossil)lc to illll)rmx’  I)(IIfoIIII:III((I ly ratimlally  all(x:itillg  varyil)g

al])olllltls  of (mm to (Ia(:l I of tjl )(’ slIIall(Ir  collcllwiol)s. 11(111  (.c, tl](lr(’ ar(I four al~,()]itllllls W(J

(ollsi(l(’r: illtl(’ll’tll-l):ls(’(l  wit]] (Iqllal  (mol. tlllo(:atioll ~ illt(’li’~11-l)ils(’(1  wit]l ul]c(l(lal (ratiol]al)

(III(H :Illo(atiol], (W IWC1(Y1  I(HS wit]] N]unl (Irror allo(atioll , aII(l (xj)cctc(l  loss ~vitl}  IIIICqIlal

(rati(n,al)  dlo(:atim].

‘J’11(1 r(!st of tl)is lml)(n is orgalliz(d  as follows. ,Sk(d iol) ‘2 (I(wrilw tll(’ p,(:l I(Iral llyj)otlll(’,sis

(wlllatliol) ])rol)luII  a]I(l  fra]Ilm tfl](: ])rol)l(:]II  a s  stai istica]  ]mra]]](’trr  (Isti]llatio]].  S(’ctioll  3

(l(w:ril m tll(: collfi(l(’llc(”  i]lt(wal  al)] )roaclI.  $k’ctio]l 4 dcscrilws tll(’ (w]w(:tj(d  loss  a])])roac]  I

aII(l  ,S(xtjioll 5 (Ics(:ril)cs  a] I (:]ll])iri(:al  (wd(]alio]]  (Jj’ t]](w)  t(dl]li(lll(:s  I]si]]g  sy]]tl]ct  i(: aII(l

I(ItI1- ww](l s(:l)(~(llllillg  (I;lt)a. S(wlioll  G slllllll)aliz(w tllc l)lill(:ilml  lmil]ts of” this 1):11)(11.

1 1. ‘J’IIN llJ’IW’JIINSIS  l;\~fiI,LJArJIQN  I’I{OIII,II;M

1 ly] mtllvsis  (walllatio]l  is tllc ])101)1(1]11  01’ s(’l(wti]~p,  OI1(J of a sc( of lIy])otlI(wIs wl]idl, wit]]

IIip,lt  ])rolml)ility)  is c](w  to tll](’ l int . 1!7(’ :](10])1,  a ]);llalil(’t,]i( St:ltiSt,i(;ill  a])])loa(:l]  to t h i s

])rol)l(IIII.  ‘J’y])i(a]ly  lv(’ lIav(I a S(I1 d ]m)l)l(:IIIs D (])lal]]]i]][:  ])rol)l(IIIIs, (Ix(IIIl])laIs  10 classify,

(J1(I.  ). AIIy ]mrti(:ular ])IY)l)l(IIII  (1 is s(ll(wt(’(1  fIOIII  this S(I( witli ])]ol)al)ility l’])((/). \17(I a l s o

IIav(’  ilV/lil:ll )1(’ :1 set of /: ])ot(]]tlial alt(mlatliv(’ stllal (gi(’s j], ,.. . ,11A, for solvi]]~,  ]JIol)l(:]Ils.

l’;a(lI  l]y]x)tll](’six(xl  st]at(yyj 11~ has associatr(l  \vit  II i t  aII llIIl;Ilo\vII  Iltility

(l(wl il)ill~,  its q u a l i t y ,  aII(l  al] u] Ik]Iow’]1  c o s t  (Iistril)(ltjio]]  Ci (lcs(; ril)i]]g  tl](:

(Ix:IIII])l(Is.  IIotl] o f  tl](w(:  alc arc i]](lll(:(d  ly tlI(I  ])lolml)ility  (list]  il)(]tio]]

distril)lltio]l /),

cost t o ] )1’()(’(!ss

01’(’1” )).2’ ‘J’llc
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(lcsil(d  011((01]](!  oftlI(I IIy]mtlll(wis  (walllatiml ])l(JI)l(’111  is tos(Ilc(t  a IIy])otll(’sis  111,,,,( vi’llicll

l):lslll(’l)i~,l)(’st  (ol(:l(js(tc)l]i~l](’st)  (Ix]mt(I(l Iltility  ‘{.

AltlIoII/,11  IIIC (Iistlil)lltiolls  (Ji a]t(l Ci  :1111  III II{ II(JIVII) tlI(I (1(’(isiolt-ll]:ll{ill~,  syst(IIIl  CaII

illf(’1 il)f’orll)atliol]” almutl tll(w (Iistlil)lltiolls  lrj olwwi]lg  tll(’ 1)(’l]al’ior of strategy  IIi 0 1 1

])l’ol)  l(’llls(ll’:l\ill  fro]]) 1). ‘ 1 ’ 1 1 1 1 s ,  t,ll(!syst,(’111  (::lll(’lloos(’l)  (!t,\i(’(’11”  (/(:ql/i7’i7/{/?  //07’(:77/fo?’7  /l(/ii07/

ac(]uiril]g  al]oill]  (’r salt] ])lc f’rolil  U~ writ])  c o s t  (lrawII  fIOIII  ~~j  o r  odo~)t.i71,q (I }~?jj)oi.}~,(:tsits

si7fJfcgy IIi (t,llc saIII(:  qllcstlioll  a s  ill tllc illtro(lll(tliol  l).”

ollr  p)(:II(Iral  a])l)waclI  to tl)is ])rol.)1(’111  c o n s i s t s  of’ two ]mris: ])aralll(’t(’r (!stiltlatliol]  al](l

IIyjmtl)(wis (nwlllaliol}. 111 lmral)l(t(:r Cstilttatioll  tlI(I 1111(1(’rlyill~,  (listlil)lltiolls of’(x]wctc(l

lltililj~  :111(1  (Ix] J(Ict, (Yl cos( am aSSIIIII(I(l  to 1)( I of”:l ]):llt,i(:ular  f’OIIII (c. x., IIoIq Ilal,  st,llcle]]t,  ‘1’,

ck.) r(xlll(:i)lg  t)llr ])IOI)I(VII to 011( I o f  (Milllatjil]g ])arall](’t(w SU(:II as  111(’aII  a]](l lwriallcc

I’ioltl  1)(’ll:l\~iO1 0 1 1  sali]])lc  ]) Iol)l(IIIjs. 1]} l)y])otllcsis  (’\’tllllatioll, (l(~(:isioll  1111  CS to (l(J(i(lo

lIow 11111(:11  illforll)atioll”  i s  (’IIoIlglI ,  aIl(l  IIow  k) ac(](lir(!  il)f’orjllatiol]”  arc f’orllllllat(’(1  l)asd

11])011  (wtlill)at)(’(l  ])aral)l(:t,crs. A s  tl]c l(w~llt of a])])lvil]:,  t,l)cs(’ (1(’cisioll  rIIl(Is, t,l]c s-yst,c]])

]IIay (lcci(lr to gatl)cr a(lditiollal  illf’(wlllatjioll  (sal II])l(Is), ill wl)icl] (asc it f’a(w tll(:  (I(wisim]

lwtlwm) i~(:(]llilillgi l) foll])atiol)” :Ill(lstlo])])  illg:lg,tiil]. ‘J’l)is  ])lo(c’ss(ol  )tillll(’slllltil”  tllcsyst(vll

(l(t(’llllil)(w it lIas ac(]uire(l  rlIollglI illfollll;]tioll.”

I’OI])I1]])OS(IS”  of(stilll:~til]p,  tl)(:(x])(ctwl  ~tilll(of”tl)(s(  (listlil)lltiolls  w(’  ;ISSLIIII(I  tll;~t lli

:111(1 CTi ;\I(~  ,joilltly  II OI”  II Ially (Iistril)lltc(l  (sol)l(’tilll(’s  (.all(Yl  p,allssial))  laII(l  OIII \wlial)l(w  wit]l

lllllillo\Vll  111( ’2111S 2111(1  lllllil)OWll  ,(/(:7/C7’(11  (OVill’i:lll(”(’. ‘J’11(1  assultl])tim] of’l)orll)ality  is (]llit(’

1“(’aso]lal)l(:  as tllc (wtill)akl (’x]) (’(t(’(l Valll(’ Of’ all ill”l)itl’:11’~  (Iistril)lltio]]  i s  :i])])l’oxi]l]tlt(~ly

l)ollII:llly distril)(ltl(d  ( a  colIsqll(!lI((”  o f  tll(:  ~;(’l)tr:ll  IJill]itl ‘J’l I(wl(!III [ 1 3 ] ) .  C;ollficl(’11(’(:

il)t(’rvtlls  r(’p,ar(li l]:, tl]c trll(’  IIl(Ia II (Ia II 1)(I col]l])utr(l  fml]) tl)(lsall]])l(’  IJl(’all,  saIIl])l(I  va)ial]c(’,

all(l  11111111 )(!1’ of Salll])](!s. Nlol(’ colI(:l(It(Ily,  olI(I  (alI sll(m’ tlla( tl]c (lifl’(’r(’11((’ 1)(’t,w((’11  t,llc

olwlv(’(1 siIIII])lc lll(’al I alI(l  t,lwc II I(Ial I is lIollIIally  (Iist)ril)llt  (xl ~vit,ll () II I(IaII aII(l  j, til]l(w

tll(~i~li:]l](:  (() ftll(\illit,  i:ll(listl  ilJ~lti()]),(.p,.  ~- /INAr((l,~~) [14].

({iv(’11 tllc assllllll)tiol]  of llorlllality lV(I (HII also (Y) II(:lI1(IC tllatj tllc (lifl’m’lltia] (listril)ll-

tiol) (tl](t (Iistllil)utliol)  of tl)c (lifl”(qwl] (:(’ ill Ilt,ility  l)(Jt\\f(xIII  aIIy tlvo Stlatl(’p,ics)  is 1101111  ally

(listril)llt,(’(1.  ‘J’l)is ])ro])(’lty  i s  illl])ortallt  ill 1,1 Iat it allow’s IIS 10 (1(’t(wllil](’  t]lat,  011(1  st,latj-

‘{Al({,),ati\,(  c:is(i],gs  (,ftlIcl,lol,lcIII  II)ip,llt  also ilt)I,  c,s(l(tjlli)c  tllctltsc,l)  111{  va]iallceof  tllcs(,l({t(cl  {Iis(ril,utioll

((.:,., [lY]).

()[ (()1)(1 (i, 1991 I) I{ AI”I’
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(Igy  is I)(IfIt(II  tl]al) (or IouglIly  (qllival(’llt  to) allotl](’r strt~tcgy  i]] mlmtc(l utility l)y (nlly

lll:lillti~illillg  illforl)latfi(nl almutl tlI(’ (Iifl’cr(’))tji:il  (listlil)lltiol]s. ‘J1llis sillll)lifi(w soIII(”  OftllI(I

l~l:ltl]cll~:ltli(:s.  1“(H (xa III I)l(I, ill lII:\lIy  al)l)licatiol]s  tl]c l)(IlfollIliIII(:(I  of’ (Ii flcr(:lllj  st,lat,cgi(x

lII:Iy I)(I IIigl)ly  corrclat(’(]  (e. g., WII(III stratcp,  ics ar(i s] IIall  II]()(]ifi(:lti()]]s  of’  SOI]I(I  co] II] IIolI

~Ill((ISllO]).  llsil)~,  tlI(’ (lifI’(!r(’lltial  (Iistliljlltiolls (I IIco(l(w this (OIl(jl;lti(J1l:ll  illfollllalioll” wit,l)-

()(lt 111(’ I)(W1 fol (Ix]) li(:itly collil)lltjil)g  ((nmliall(:c  (w(ill)at(w.d

()lll:ll)l)I();  l(l)t() l]~~l)()tll('sis(!  \'i\lll:lti()llisl(:l:  it,r(l t()s('\~('12\l(  )t,llcllll  ('tll()(lsillt  ll('ltl:\cllillc:

ICill’llillg  all(l statistics litl(’ratuw. StalIdar(l lllacllill(’  1(’;llllillg  aj)l)roacll(~s  do not ~)r(n’i(lr

l)()(lll(ls ()lltll('(  1112\litj~()  ftll('s(\  l(J(:t('(lll~) )()tll(sis, :\ll(ltlllls( l()l]()tfi til)t()()ll l(()ll((`l)ti()ll  ()f

IIylx)tll(wis (walllati(nl. II(nwwr, llyl)otll(tsis(  liilll:ltjiol)”  ))lolj(IIIItIsl)(I(III  stu(lid (wt(:l)siv(:l~’

ill (ol)]l)lltliltiol):]l”  1(’an)illg  tl)(wry. ‘1’1](: tllrustl o f  tllatl  coll)ll)llllilj  lIas f(wuw(l 011 tllc

(jll(wlioll  of wlt(iller  IJyl)otl](:sis  s(’lwtioll  i s  ]mssil)](’ i]] tlI(I worst ]mssil)lc (:i](:l]]]]st:~]](:(js

(all(l  (11,,s  awi(ls  ]m]:,]~](,t]ic  :L]J]JI(J:,c:lI(Is);  l](m(,~(,, w arc coIIc(’111(1(1  \vitll  alg,oritl)llls  t h a t

aJr l)i~,llly  (’ffi(:i(!lltj  ill l)ra(:tli(r. ‘1’11(’ dos(wt  al)}Jl(mclI(w  to ollis  fro])] tll(! (Iollll)llttltic)llfll

1(’;lnlil)g  tlt(wry  co]l)]l]u])itj”  arc [2], [17].

III 111( ’st;ltisli(:slit(  :l:~t(lT(’, lljl)otll(’sis(’\  ~tiilll:ltic)l)  l)lol)l (’IIls:l l(’l(If(’lc(l  to:lsl:~lll{illg:lll(l

s(’1(’(’tiol)  l)IOI)l(IIIIS [18], III t,l!cir t(’ll]lill(]lo~,y  w ar(I stu(lyillp, s(’q(lclltial (’lilllil)atjiol~  sd(x-

timl l)r(x(’(l(lr(x [19]. 0111 ~vork  (Iifkrs f’rolI~  tl~is litcratllr(’ ill tl)at  our al)l)roaclI  i s  II1OI(I

p,(’lJ(II;ll.  Stall(lal(l sel(’ctio)]  tcd]lli(lllcs  111:11((1  r(wtli(tliv(; assll)l]l)t,iolls al)ollt) tl)c lklriall(u-i

of tlI(I lltfility  (Iistlil)lltiolls, \47(I  allow tl]c Lltility (Iist)il)lltioljs  to 1)( I (:oirclatc(l  :~11(1  lIaITC

II 11(1(1 L1:II (fil]ik)  varial]ccs. IImwwl, 1~’c giw Ill) 11]( stroll:, (x)ll(’ctll(ws  l)loofsl)lc)l~i(lc(l”  ly

tlI(Is(L slatisti(al  tcclll]iqu(w. ()(11 t(xlllliqu(w  alc 11(’lllisti(  alI(l  M’(J l)l(n’i(l(:  olIly ll)atl)(’lllat-

i(:al]y  l)l:lllsiljl(’  alI(l  (’ll]ljiri(a] arglll II(IIIts f’01 tll(’il (011(’(tll(’ss. ‘1’11(’ :1])]  )1’oacll  Cl(wst  to

ours  ill p,(’ll(’ralitjy  is a l]lacl)illc 1(’an)illp,  t(’cl)l)i(jll(~ l)mlms(d Ivj hloorc aIId lme [~)1

()lll:llj  l)l():\(:ll('  xt('ll(lsl)( )tlll(':  llllillp,tl]('  ()ly:lll(ls t:~tisti  (:\l:l~)~)l(J:  lcll('silltll:\t  w(Ia((olllIt

f’(w 111(1 (osf of’ol)taillill~  data,  .‘J’yl)i(:llly IIyj)ot,l](y+is s(>l((t,iol] al)l)l(m(ll(w olIly att(qIIl)l, to

lllillillli~,(’  tl]c (Nmall IIUIIIIKIY of (xa III I)lw. Wc (’xt(’11(1  tll(w a])])  mcl](!s  to a(:collllt  for

I) I{ AI”I’ o(lollr’1  (i, 1994



ll\’I’()’I’  lll~,SIS  l)\ JAl, [lA’1’10N  IN hlA(~lll  NII;  l,l;Ali  NIN(;

sil,lIatio  IIs WII(W  t,l]c  (:os1 of (wllllatillp,  (lifl’(wl]tj

1]. .ivoi(li’iofl

●

✎

●

●

●

●

●

●

l), is tlIc utility distril)lltiw]  for tlIc IIy}mtllcsis  stratcp,y 11,

C;, is 111(, cost disl,ril,  ut imt for  tlIc IIylmt ll(,sis slr:lt c:,y 111

//1 is III(S 1111(1  It I(IaII  for 11)(  valial)lc  /J,

11, is ilIc saIII])le  II IWIII  for tllc valialjlv  [Jl

0, is 111(, (1 u(’ s(:ll  Id;lrd (lcvi:~timl  for 111(’  Ydl’iill)l(’  II?

,$’1 is  ilI(s sal  II]Jlr  st alI(lar(l  dm’iaiiol]  fm 11,

i’~,  is tlIc saIII]Ilc  lIIC:III  f o r  111(’  varial)lc  Cl

(~,. ,, is tllc \’tll’iill)l(’  f(n 111( disbilmtio]]  (o]]ll)utd  I)y l[lliillg tllc uti l i ty of 11~ IIlil]m tllc  uti l i ty of 113

l)otlI  solvit)~  llIc  salIIc  lHolJlcIII. Not{ tlIat tliis  distl il)utiml  i s  Gallssia]l  (IIorIIIal)  i f  11,  aIId  /17 aw

joillt]y  p,allssialt  W(’II i f  11, aIId  lJ7 a]c ]]ot  il)tlq~elltlml{  //,. ~, 11,.  ~, o, ,7, all(l  ,9,.  ~ al(’ <Ill:ll(lp,[)llsly

(l(,Jillml.

\4~LI ;Ilso (1(’fil)(’ f(lllctiolls  to allmv c{)lll~~llt:~li(}ll  of” I)lol):\l)iliti(s  of lloIIIIally  distril)llt(xl
l’tllial)l(w.  ‘1111(’  l)rol.)al)iliiy that a r: II I(lo]]I valial)]c  y lIas  a  lwlll(’  i]] tllc  i]]tcrval  (all))  :,i~v]]

tl]at  tll]c varial)l(’  is l]orl  I]ally  (Iistril)ul(d  wit])  I l l ( ’ i I l l  jl all(]  stalI(lal(l (I(wiat,ioll  o i s

I‘I’(fl, b; ,,, 0) : ./;7, ” “, “ ‘(’’;” )“(,{,
. ,,

1“01 tli(’ stmi(lard  l)onllal  (Iistlril)uti(n]  lvit]) lIIcal I /IL () aII(l st,aII(lar(l  (Iel’iatioll  o I 1, W ( I

(w flI(I slmializ(:(l  IIotalioll:

I
[., 2

‘]’((” “) : -;17, , ,, “ “  “y (/!/

‘1 ‘II(I (x)llfi(l(’l)cc  illtcl~~i]l-l)ils(’(1  al)})w:~c]]  (I(qxv](ls OII a  (wl}fi(l(’l)(:c  l)aralll(’tcr  T HII(I aII

il](lifl’(wvl(’(’  lmrall](t(’r (. ‘J’l)is  al)l)roacll  att(’1]11)1s  t o sl)(ni tllatl  wit]] (Ol]fi(lcl]w ~ flI(Ir(I

is :1 IIylmtllcsis  sl,mtcgy  117 SU(:IJ that for (wry ol,l I(Y l)ylmljll(wis s t ra tegy 117, (’itl) (’r: a)

ll[[~;.  j] >001 1)) [l’/’[tIi.  ~] I < (. IIltllitil’cly,  if S11(:11  all 11~ (::11]  1)(’ f’ollll(l  it SI1011I(I  1)(’  a(lo])t(’(1

1 )(1(’:IIIs(I  f’01 (IwIy otlIc  I IIy]mt]](wis  sllatt’gy  IIj, \vitl) collfi(l(:ll(’(”  ~, (IitlI(II II? is 1)( ’tt(’r tll IaII

II:j  ((lolllil]al](c) 01 11~ alId IIj al”{’ C1OW (’lloll~l]  so t II:it \! ’(’ (lo IIot  (’ill’(! (il}(liflt’1(’11((’). ‘1’l]is

illt(lilivc  (I(wlil)tlioll \i’ill 1)( I f(IItlI(Ir (IliLl)oIal(Icl  ill  tlI(I  f’oll(ntill:,  l)aIap,Ia})lIs.

(k)llsi(l(~r t~vo of III(I lry}mt]](wis stratcgi(w  lwill~, (IwIlu:\t(I(l  11, aII(l 111. lJII(I(II flI(I assul IIl)-

tiol] tlI:It {~i :111(1  .?Jj :IIT joi]]t]y  1101111 ally (Iisllil)llt((l, tll(:  (Iifl’(wvl((’ [J,. , ;  i s  IIOIIII:Illy  (lis-

tril)l]t(d.  ll(IIIC(I,  :Illa]yxil)g  tlI(I (Iifl’(’w}l(:(’  lJ.? j tlll(l (ollll)utill~,  tll(’ (:ollfi(lc’ll(x”  tll:lt, //i.  j > ()

( ) (  (01)(’1 (i, 1!1!)1 l)l{AI”I’



Sll;l{)l+:  ‘J’l{ANSA(YI’IONS  ON I)A’I’’I’};RN  AN AI,}’SIS  ANI) MA(!IIINI;  lN’J’}:I,l,l(  ;I:N(!I:,  V()],,  XX, N’(). Y, hloN’J’Jl  ]999

l“i~, 1. l)olllillilll(’(”  alI(l  IIl(lifl’kt(,]lc(  Citlclllatiolls

p,iws 111(’ col]fi(l(:]](:(” fllatf ~1~ (I()]]lil]at(’s  II,j.  ‘ J)( )  r(’])i’(%cllt  111(’ collfi(lcll(c ill t h i s  ~mirwis(’

(:()]]]])aris(n]  of U; alI(l  Uj w(’ w+ tlIc wtrial)lc ~’.
‘J’() (:0111 ])11((”  tll(! co]] fi(l(’]](:c  tll[lt /lj- j > 0 \V(’ :I(l:l])t  il 111(’tllo(l  f’ol”  co]]]])llti]]~,  (O]] fi(l(’l]c(’

i]lt(’]vills  fhr tlI(I 111(12111  of a Il(mIIal (Iistril)utjio]l  witf]l  II IIk IIOWII lwriall(x’  f’roIII [14] .  llowmcr)

0111  ;I])])li(:alio]l  difl’(:]x f’I 0111 tlI(’ stalIdard  (mllfi(lcll (’c illtl(’l~k]l  (:till(lllatiol)  as follows. 111 tlllc
st, aII(laId l)rol)l(!III,  011(1  is p,iw’11 a (X)llfi(l(’llc(’  level q’, al](l  III(I task is to Collll)lltc al I il]t(:rval
sll(:ll  I]latl tl](! t,ruc ]IIcalI  lies i]] tll]c i]]tlmval  will] (Wl]fi(lcl](:c  ~“, III 0111 (me,  w’r arc gi~’cll tlllc
il]t(’rval, 2L]I(1 lw wish to co]t]l)llt(”  tl](’ (X)llfi(l(:ll(r  tl)ail tll(’ ]II(Ia]I  li(w u’ill]i]] t,l Ic i]]t,(:]val.
‘J’IIIIs,  sill(x) II -  II N N((), “ ) for  tl]is (lifl’(w’11(:(’ (Iistlil)lltioll, and tjll(’ collfi(l(:l)c(”  tlllatj
// - 11 is i]] sOIII(I  il]t(val  is si~lll)ly  tllc illt(’gr:ll  of t II(, IlorII Ial (wrvc for that illtcrval, t,ll(w
:Issl]]l]])t,io]ls  I(ISIIlt,  i]] tljc f’ollmvi]]g f’orIIIIIla  (sl I(nvII  gr:]])l]i(.;~lly  ill 11’i:,[l]r  1 ):

‘J’llis ca]I 1)( I i]lt(’]])](’t(’(1  Iwi]lp, tlj(’ co]] fi(l(’]](:c i]ltmvt{l  sto])])i]]g  (rit(’rio]] as follows. III tllc

first case T * i]](li(:atj(’s  ollr (’ollfi(l(’1]((”  ill tl)c IIy]mtll(’sis  tl]at, tllc 111(1:111  of tll]c (lislril)lltliol]

{Ji is g](iit(] tl]:~]]  tlI(I 111(1~111  of” tlI(I (Iistril)utio]l  (Jj , 111(1S  IV(’ ])1’(’f(’l’  l]; 01( ’1”  IIj  ((lc)]]]i]]:l]l(:(’).

1]] tl](: s(I(OII(I  (::\s(I  tl)(I  (Iifl”(w]l(c  l)(I(Jv(I(II] tl](’ II I(ItIIIS  of 1)7 :111(1  lJj i s  I (W S  tl)il]l  ( wit,]l

(ol]ii(l(’]](v ~+ , tl]llS  IIj ;111(1  IIj ?11’(’ not WOI”tll  clisti]l~llisllil]~ (ill(lifl’(’l(\  ]](:(’). If Zlj < () , tll(!ll

II,j  :1])]  )(’:11’S  to 1 )(’ sll])(’rior to 11~ S() IV(’ S 1 ) 0 1 1 1 ( 1  1 )(’ f’()(llsill~,  01] 11, flll(l  IIot 11~.

olI(” (:()]]}])li(:tlti()]] i s  tl]lat  ill a  g(u  I(IIal IIy])oll)(wis  cvdluat  ion ])rol)l(JIII,  011(1  i s  scl(’cti]]g

frolll 1,’ >  2 IIyj)ot!ll(!s(w ‘I’l Ills, for tl]c i]lt(vval- l)tIs(I(l  a])] )roacl I(w, o]I(I is co]]]]mi]}~,  0]1(’

I) I{ A1’I’ ()<  Iol,cl  (i, 1991
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lIyl J(LII(’sis 11/,;,,/,  (I)(:licv(d to lx: tllI(! lwst) ngail]st tlI(I otjl](v k -  1  lIyI)oflI(w(w.  ‘J’IIIw tl](’

(wl)fid(illc(’  ~ of III(I mm d] (I(wisioll  (l(:l)(III(ls Illmll  tltc colIfi(l(:lI(w T* ill tll(’ ill(lividlliil k - 1

(oll]l):l]isol]s.” If’  w(I l)lwlllII(’ a lj(!ssill)isti( :I((:llll]lll:ltic)ll  of CIlOIj R’(I IIligl]t  l)rojcct t,l]at,

111(’  (’1’1’01’s Woll](l  add lrquirill~  tl]ai  tlI(I Sill II of” tllc 1; - 1  (’1”1’01’s  a(l(l  to 1(’ss  tllall  ‘ y .

l ’ h ’ ( ’ l i l y  (listlril)utill~  tllc (mu] illdi(:~it(w  t]lat  tll(I il}divi(lual col~fid(ll(w  II)llst  1)(: TX =

1  ~, j’ (collfi(lcllc(: (yuatiol)  1 ) . lll)foltllll:lt(’ly,  ill tlIc l~olst  (:asc, fol /; stlaicgics,  tlI(I

(:l)oi((’ of tlI(I final s(’l(x:tiol)  IIlay  (1(:] )(111(1  u])ol]  lIIor(:  tl]al] 1; - 1 lmirwisc Coll)lmrisolls.”

(;ollsi(l(v  tll)c case  wlI(Ir(I  tll(’ f’o(x]s  slrtIl(I~y 111,~,,1,  (lIalIg(Is  f’rc(pI(IIItly wllil(!  at,t(’ll)l)til]g to

fill(l  a l)(wt strategy. III(I(wI, i]) tlI(I worst (W(I) tllc final scl(!ct  iol] wolIl(l (I(!l)cl]d ulmIl all

of tlI(! I mirwisc C(UII1 )il)dtli(n)s  o f  s(’l(wtliolls  d two of tlIc k strat)q,i(w ((luc to sllif’t,illp,  of

tll)c focus ly})otllcsis strategy). ‘J’llis is sili~~)ly  k CIIO(HP 2 or /;(}; -  1 ) / 2 .  ‘1’IIIIs, il] tl]c

\vol’st  (’as(:, for tll I(I (:qll;ll  (listri] JIltiol]  of (wow  j )l(’lllis(!, tlI(’ ill(livi(l~la]  coll{i(l(’llc(w  IIlllst

1)(’: ‘y’ : 1 ~,~~ ~~ (col]fi(l(’1]((  (y(latioll 2) .

IImmw, fyj)i(:al]y OII(I swIII)l(Is  (wIIly  i’roIn  al] of’ t II(I (Iistril)llt ions T)(, s:LIII})l(Is l)cf’orc OII(I

(’1100s(’s /l f’ocl]s  S1l’a(!(’p>y. If’ 7/~ is l;ll’g(’  (’llo(l#,ll S11 ( ’ 11  tllflt  f 11(’ f’()(llS  St I’at(’~~  II]]  if)),  (’11~111~,(’$i

l’alrly,  (11(: Ov(!lall collfi(l(:l)c(:  will lllor(’  closely r(wIIIl )Ic tlI(\ lil]car wlatiollsllil ) (I(wril )(YI

ill collfi(l(’llc(”  cquat)ioll 1, lIIdcc(l,  if tllc (moIs t(’1~(1 to caIlc(:l  (J:I(:II  otlI(’1,  (Aw] tl)is lill(wr

slll~lll~;~t,iol)  of (mm’s will l)e al] ol’(’l(’stlilll:lt,(”  of tllc :I(:tlla]  (’lrol:’.

1 loli’(!v(’1, (’(jllal (Illor allm:atioll  (10(+ IIot t)ak(:  a(lvallta~c  of flI(’ f’:](t, t,l I at, lwl(l(:ill~ tlll(:

(Illol  ill solII(: of tl](’ t(’lllls IIIay 1)(’ (’asicr tlIalI ill (Jtl](’rs. l’(’ltaillill~  to this issll( w(’ fiIst

()(ltli))(’ al) ~llp,(mitl)ll] Cilll(’(1  S’J’O1)l lvl]i(:l]  (Iist,ril)lltj(w  11)(’ (’1101 (I\ ’( IIIly,  tlI(:lI slIow :( variatiol]

0 1 1  t h i s  lmsi(: alp,(mitllllt  S’1’01’2 wllidl ac(:oullts for tll(’ vkuyilig (Ii fficlllty ill All(’illg tll(~

CIWH  ill (w(:I1 of tjllc t(vllls al~(l

of tllr (Iistlil)lltiol]s.

A . 7’//(: ,97’01’1 Al,(pith?[(

ak(w ilttlo  a((ollllt  1})(’ ~’alyil]~  (ml of sal]]j)lill~ f’10111  cncl I

‘1’11(1  S’1’01’1  al~,oritflll]l  cal I 1)(: (I(w:rild  a s  follows. l,(t, ‘1’ 1)(’ tlIc s(’t of IIyl)otllcsis

stlilt(’~i(w 11], . . . , IIK. S:IIII1)I(I f’IolII (Iacll  of tll(’ Iltilitj’ (Iistlil)ltt ions /1,, . . . . l/~  soIIlc  (ld’t~lllt

11111111 )( ’1” of Snlll])l(w  7/(). 1  ,(I1 11~ 1)(’ tll(’ strat(’:,y  ill ‘J’ wlli(ll  lIas tllc lli~ll(’st  s+LllIjJl(I  III(I; HI

fi)l” l’”j  S ( )  f’tll’  ( 1 1 ( ’ 1 ’ ( ’ : 1 { 1 ( ’ 1 ’  (::111(’(1  tll(’ f’()(:llS  Stl’:lt(’~,~  Il),lq/,  ) . 1“01” (’:\Cl)  Stl’ilt(>g~  IIj ill ‘1’, if

“1’,,) 41111111,1 clis,(lssic,l,  c,f tlIis  isstlc  sw [20) ],. 18-1$)

()( t(lllcl (i, 1!)94 I)}{ AIJ’J’



1011:1:1: ‘J’I{ANSA(YJ’IC)NS  ON l’A’’’l:l{h{h’  AN AI>YSIS  ANI) h4A(~lll  N1’; lN’I’1:l/l/ l(JII:N(:l:,  \rol>.  XX, N()  Y, MON’I’11 19!1!)

lll(lifl”(’1(’ll( (:issllo\vlltls  follo\\’s.  ~~ollll)lltctll  c(ollfi(l(’1l((  ’tll:ll”  tll(’tl’(l(’1  11( ’:~lljl;  .jof(~j.i

li(w wjtllill  tlI(I illt(wal  -  (,(. lf’tlllis co]] fi(l(’] 1(:(’ js ~,r(Iat(II  tlIaII ~’ tlI(III ill(lifl’(1(’ll((j  ]las

lW(IIISIIOWII. ljlsc,s  iIIIIl)l(If IOIII (Ji aIId t)j:lsl]((:(ss:l?y  lll]til(itl](l:  (J) tll(:(()]]fi(l(  ’]](:(tl]:\t

IIolllillill]((  ’issl]olt’11”  silllilai]y.  C~()llll)llt('t  Jll('('()llfi(l(  'll((`tll:lt//j.,  j >0. Iftllis( :ollfi(l(’1l( :(”

lllltil (Jjtll(lr  tll(’ co]] fi(l(’]]c(: l)(IcOIII(IS  grcat(v tl]all  ~“ or llj.  i ~,ocs  l)(IIOW c. III this c a s e ,  w(:

I) I{ AI”I’ ()(([)1)(1  6, 1{)94



c
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l’ip,. 2. ~’alyil)p,  lr,fl’(cts  of Sillll])lillg

:I(l(litio  IIHl (IXiIIIIld(I  of’ ljj - ~ M f’oll  OWS:

(u., -  [)<,t-1 1  (-(,., -1 ()/,,-1  1A~j, f(~] [JJ. ~ = clI(- ,Y,. ~ ‘ - ,$’,. , ) - 01(1 -y;,

‘J’11(1  s(I(OII(l  f’actoI  col)sj(lcmxl  l)y S’J’01’2 aII(l IIOt  1)~’ S’JIO1’1 is tlI(J ]’tl]yj]]p,  (:os( o f

:l(:(]llili]]~,  a sal I)])lc. If  ac(]llilillp,  al I ad(litio]]a]  sHIII])lc  lIas al I (:xlIrlII(’ly l]igl]  cost,  it ]Ilny

1 ml to allo(:it(!  l(j:w])i]][;  IwwIlrc(w, SrJ’ol’2  cstilll:it,cs  ]Ilalgillal  (ws(,. ‘J’lIis is tlI(~ (ws(, of

ac(llliril)~) mIotlI(H  saIIIIJlc for a  giv(’1) lminvisc  COII I] )arisoll  aII(l  it col)sist,s  o f  {111(1  cost  o f

(1(’t(’lll)illillg  a uli]ity value for ca(:l  I 111(:1 IIl)(Ir  of tlI(: l)iiir. As (Ia(:l I coltllmris(nl  slIaIm III(I

11111 St 1 ) ( ’  (1(’t(’Illlill(J(l  ({1~, {Ij,  0 1 ’  l)otll). S(’CO1l(l,  11S(’ tll(’ (wtilllat,c(l  111(’  ?\ll S f’ol”  CTi ?ill(] (7,1 to

(Isti]llilt(l  tl](: (:ost of a(:quiril)g  a]]otl](l] siIIII])l(: l)i :111(1  /Ji :IS :Il)l)lol)liilt(’.
‘J’11(1 (wli]]]ak(] ]l]argi]l:~l  (ost  of  [1(’t(’]]Ili]]i]]/,  :IIIotlI(Ir  ])oi]lt f’10111  [J,j. ~ is co]ll])[]t(’(1 a s

f’ollo\\’S.”  I,(’t Arc,; ill(licatr t,ll(’ ]1111111)(!1’  of  Stlllll)l(’S (11’il}j’11  fl’olll  tll~ Stl’atC$~  11; S() fidl”. 11711(’11

w (I law a ]) IO1)ICIII  frolll  tl)(’  distjril)utiol),  W(I s t o r e  i t  s o  t] lat if \v(J \visl)  to saIII])l(I  ~) t illl(’s

flolll  t)ll(’ (Iistril)llt,io])  U?,  alId ~J t,il)l(’s frolll  (list,  ril)llt  ion t)j, m7c lI:ITYI tl]c  S[)lII(I  ~) ])rol)l(IIIIs

f“loltl  III(I l)rol)l(’111  (Iistlil)lltlic)l). 11’llltllclllloi(’,  wlI(’11 w collll)llt(” (lifl’(r(’ll(cs  ill Iltilitj’ fro]]]
tll(~ (Iistril)lltiol)  ll,i. ; tl)(w alr (:()]lll)l]tml  l)y Ilsi]]p, tllc (vltll)(~tillg  stratcgi(w 011 tlI(I SaIII(I
I)IY)l)I(IIII. ‘J’IIus i f  W(J wisl] to gd tll(’ ~)tl) salIII)l(I frol)l  i II ( I  (Iistril)lltioll  U .  ~, (tlssll]]]i]]p,
~) J S?1111])] ( ’S lItil\~(I  iIII(IZ\(]j~  ~)(t(’])  (()]]  ]])llt(’(]), Nc,i 2111(1  A’clj ]Ill]st  (’;I(]I  I)(I al ]otlst  ~) - ] . ‘J’]](I
(’ost (“all  1 )(’ (’X1 )l’(!SS(’(1  a s  foll(nvs:

●  lf 1)0111  A’(,,  :111(] )YC,  J ~,,(, ;J 01 ~lct~l(71:  {11(1  (0s( or U) III III Iti IIp, {tl(I I)t}I SaIIII)lCl  is (1.

● If A’(,, : J] - 1 all(l  N,,, = ~, t}l(])  (I]c CXI)CC((K1  cost  is i;,.

.  IIiv,,j : 1, I <I])(1  A~,,l  = 1) tllcll  llIC  CXI,CCIC[l  c{ml  is  ZJj

I)l{AII”I’ OC((IIIC]  (i, I WI
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141}:1:1: ‘1’l{ANSA(;’J’IONS  ON I’A’I’’I’I:I{N  AN AI,>’SIS  ANI) L4A(:ll lNI’:IN’J’I;l,l,  I(;l:N(:l:,  \~ol,. XX, N(), Y, N40N’J’11  1999

]\~. ‘j’III; ];XI~II;CrIIII;IJ 1,oss  AI II IItOAC}I

A  COIIIIIIOIIly  IIS(I(l II I(HSIII(I  iIl ITalIIiIIg  iIIfoIIIIatio  II” ill gaIII(\ t,l I(wIy aljl)licat,iolls  i s  {,])(:
Collect) of (’x] )(’(;{(’(1  loss. 1 ’ 1 1 1  sillll)ly,  (’X) )( ’( ’l(’(l 10SS is 111(’  (:1];111(:(’  tll:lt  0]1(’  lllali(’S  tll(’

WIOIIg  (1(’cisiol), w(’igl)t,  (d l)y lImv  \vrolIg  t,l I(I (I(yisioll  tllllIs  011(,  i,() 1 ) ( ) .  ‘1111(1  (IX] )( IC1,C(l ] O S S

1)1(’tlslll(I  (:tllI  1)(’ colII])llt(I(l  f o r  ally  ])ail’ o f  ;llt(’]]l:itii~(’s. ‘J’ll(w’ (0111 ])111(’(1 Val(l(’s (:[111 t’11(’11  1)(’
IIS(I(I to :IIISW(Y  I)otll 11](I qll(wtioll  of “ is tl)c cllrlxIIIt illf’ollllatioll (Ill Ollgl i’) aII(l if [I(lcliti(j)lal
il)fi)rlllatioll  is II(w(l(xl  “wllicl)  illforlllatfioll at lvl)i(ll  cost sl]oul(l W(J g e t ” . ‘1’11(! forlll(’1”

(jll(wtio]] (aII 1)(J aIIs\v(wd  l)y ])llttil)~  H l) OLIII(I  0 1 1  tl]c  (x])(’(:tc(l  1 0 s s  tjllatl  011(: i s  willil]g to
tol(’1’:lt(’, 2111(1  IIl?lliillg  :1 (I(x:isioll  lVI1(’11 all alt,(’1’llal  i~(’ is f’ollll(l 10 ]l:lv(!  all (’xl)(wt(’(1 10ss  of
l(w tl]all tl]c l)(NIII(I. III 0111 cmc o f  lry}mt]l(’sis cvduatlioll, olI(: (HI I s(’l(wt a IIyl)olllmis
StJ’; lt,(’~,y ]j~ W]l(’1]: ~~; ~ 1’; [1, (}1,,  II,)] f 1> 7 NJor(I lig(mously, II’(I (Icfil]c tlI(I (’xl) (wtc(l loss of
(ltilit)y fro]]] :L(lol)ti]lg  11~ ratlI(Ir 1 lIa]I IIj to 1)(’ t II(J i]]t cgral of i lIc joi]lt  utility of J]i aIId
IIj OWII tl](’ r(!giol)s  WII(WI 11~ lIas low(v Iltlility lv(ip,l]tl(’(l  1 y tl]c (liflkm](:c i)] Iltility:

l’;[l,(lli, IIj )] = H l’1/,ll,  (tlt,71J)(Tl,  - ‘l!, )IIII<  [/1/,
. 71,  <?8, .

p)allssia)] ra]I(lo]II  varial)les i s  gallssia]), ~t’c C:III IISC tl](j (lifl(’]c]]tial (Iist]il)lltio]l  {Ji. ~ to

‘I’l IIIs  W( I  si]]ll)ly (wtli]))atlc tllc III(IaIl  aII(l vari:u](v f o r  OIIr  1)(’st gu(ws at  tl)c t r u e  III(IaII  o f

III(I  (lifl’(’l(>llti;~l  (listlil)lltioll  {Ji. ~. 8

VV(I co]l]])ut(  tllc  i]]t({yal over 111(1  rcgio]) WII(W /1,. ~ > 0  of  tll(’ t’(’l’111  ‘?/ “]’? ’(/1;. j ~ ?/). ‘1’()
(lo tl]is, \v(I first (o]]] l)lltl(: tl]c sa]IIl)l(I 111(1:111  :1]](1 lwria]]co ioI tl]c difl’m’]ltid  (Iist]il)l]tio]],
:I]I(i  tll](’]] al)~)ly a for] ll(lla aIIalop,olls”  to tl]at  IIs(I(l  i]] tllc (I()]lli]]a])cc (()]]  fi(lc]] (l’ i]lt, (mwl
(ill(l]l[itio]l  (fo] d(’]iwtio]), sw Al)l)(’llclix  A) .

A . 7’1)  (: 1$1,1 A l,gmiihtt

(iiv(’1] this (1(’fi]]itiol)  of (Jxl)c(:t(’(1  loss, wc calI (I(fi]](! tl]( :I]InlogI,s  of” S’1’01’1 al]c] S’1’01’2,
(::111(’(1 1’;1,1 all(l  1’11,2.

I;I,l Al,(;  ol{lrl’llhl:

I(( ‘/’ = 1/] , . . . . IIA  and 1, 1)[ 111[ Cx])(dc[]  10ss 1111( s1101(1

1($( I,* : 1,/1<

“l{t,forcit, x tlIat l;(l, (11,11))= O.
‘AII  altct  II:Iiivc a],],  IoaclI  WOII!C1 I,c to (,stil)jat(,  tlI(, ])aIaIIIcicIs  for cacl I of tll(  illclivicll]al  lit ility clis(]il,  \ltio]ls,  tlICII

1]s[,  lli{,s[. ]I;Ilal  IIe(cm  10 co]II]Itltc,  tl)c  lIIca!I alIcl  I,aliallccs for llIc cstitllatcs o f  llic (Ii(l(rf]ltial  Clist]il)utio]ls.  ‘1’l]is

W’olllcl  lcs(llt  ill lllc Sillrle  l)zlrdl)lc(crs as c)(lr  tllll)lfmcl)  of co]]l]](llit]g  tlIr lJ:tlaTIIctt,Is  of tlIc  [Ii(lc]c]lt  ial (Iist]il)ut,io]ls

(Iir(,(tly  ftol)j  1,11(,  (I:tta,

l)l{Al~’J’ OC(OIK’1  G, 19:)4



ll’I’I’()’J’1  11’;SIS l’; \’Al,  LIA’l’ION Ihr  A4A(~111Nl,;  I, I;A1{NIN(; 1:>

s()]v(  71C) ljroljlcl[)s  \vitll  cacll stlatc~y  ill ‘1’

1(,1 )/]/,<,/,  I,( lllc s(Iatcgy  ill ‘ 1 ’  wit]]  11, c l,i~l,(sl  S:IIII1,IC  7)

Vj z 1 , . .  . ,  k c,~])i],llt<  1<(1(1/,,,,,,,, IIj))

11)01’J
S’[,l(,c( a St lat,cgy  II, SIICII t 11?1( 111(,

(~xljc(.[ccl  Iltlllt,y  10ss flolll  sclcctillp,

I///i<,/,  ovt,~  1/;  i s  gl($?lt  Cl lIIZIII  I,*

il lI)c,]{,  is  II(I SUC1) Sttatcg,y,

111(,1)  l’c,tlll’rl  1111, c,h

(1s(  gcll(Tat(,  Salll])lc flolll ]1, and 1111, <,1,

r(,(.c)lII]Iilic  Cxj)cc(,ccl  II( ilit y 10SSW

(! ON’J’IN (II; 1,()()1’1

11. !I’IIc 141,2 A lwNit}/11/

1’;1,2  (’X1( ’II(lS  l{;l,l ill (’Xil(’tlJ’  111(’ S21111(’ \\’?l~  tll:lt S ’1 ’01 ’2  (’X1( ’I1(lS  ~rl’ol)l  , 1)~ :I(:(”olllltillg

‘1’11( (Ixj)(ct(xl  IIlargillal c(wl of sill]l])lillp,  is (olII])llt(I(l  as ill S’llO1 ‘2. ‘1’11(1  l’~1,2 alp,oritllllll  is
Sllowll 1 )Clow.

1)1,2  AI,(; OI{I’1’IIM

1(4 7’ = )1], . . . . I/k all(l 1, lx, tllc Cx]lcdcd  1[)ss ti l l ’csll[)ld

OC(()})CI (i, 1 !)94 I) I{ A1,”I’



l(ill:l:l:  ‘J’I{ANSA(:’J’IONS  ON 1’A’1’’I’1I:I{N  AN A1/YSIS  ANI) NIA(!III,NI:  lN’J’l:l,l,l(JI’:N(  ~l’:,  \lol,.  XX, IN().  ‘I’, hlo N’1’11 l!)!):)

W(I II(W tUIII to al I (II IIl)iri(:al  (wtIllltlti(Hi  of tlI(, IIyj)otl)(wis  s(Jl(I(:tiolI  t(’(lllliq(](w.  ‘J’ltis

(wlu:iliol]  1( ’11(1s Slll)l)oll  to tjl)c t(d]))i(pl(w ])y a(l(ll(wsil)~  tlIl(I(’ I;(’y issll(w, 1+’ilxt it (l(IIIIol I-

stIat,  (Js I,llat t,l I(I I,(x:l)lli(lll(w  I )(’lfoIIII as ] mdict(d, S(Icol I(l, tllc (w]lllaiiol~  (I(!lllol)str[ltlcs

tlIc lml(’fits of rational  (’xalIIld(I all(mtlio]l  (as })(Ilf(JrlIl(d  I)y S’]’01’2 alId l’~l J2). l“illally, it

illlwtjratl(w  tl)(’ a] )})li(:al  )ility of tlI(’ a])])maclI to a wal-wwr](l  lry]mtll(!sis sd(xtlio]l ])1’01 )1(’111.

WII(II(I ]mssil)l(’, wc col)tras(l ]wrforlllal)(’r ivitl]l  t IIat of otllcr rcl(wult  a])] moacllcs ill tfllc

slt]t,istlic?ll  litjcrat(lrc.

A . O1lI(UI  li’(:lcw71i  AppIwcl) c.~

‘ 1  ‘11( ’1”{! wists a 1 )O(ly of Stl;lll(lald  al)l)loacllcs  f’ol ill(:  illt(’1va-1  )asml  folll)lllatioll  o f  tl](:

1 Iy] )otll(wis  (v~lllatioll  ]) Iol)l(IIIl. ‘1’0 (I(:l)]ollstl;lt(”  t] I(J })(nvcl of ollI illt(’1~’<~1-l);is(’(1 a])l)loacllcs

U’(I (w ItIwt tlllclll  wit]] two (:xistillg al)})roaclIcs. ‘J ‘11(’ firs( is a st:itislica] a])] Iroac]I ])ro] wed

lry ‘J IIIrIIl)lIll HII(l Weiss [2~), ‘J III(I S(WII(l  is tllc (~OM1’0~1’11{  ]t]acl]i]]c  lcarlli]l~,  tldll]iquc

])1’()])()s(’(1 1)-Y (; I’:11(’11  :111(1 1 )(’.lmlp,  [1].

‘111)(:  ‘1’UIIIINI1l aIl(l Weiss a])])roilcli  c(HIIcs cl(wst  :~IIIOIIg statistical Ialll;i]]g  aII(l  s(’l(xtioll

l) IXK(I(lIIHW  to tl)c g(’l}wality of  tllc S’1’01’1 alI(l S’1’01’2 al)] )r(m(:lI(w.  Most stwl(lard  stla-

tlisti(wl a])])macll(’s lIIakc stro]]g  assulll])tiol)s  al)ollt tllc f(mll of tllc ly]mtll(’sis (’~wluatliol]

])IvI )1(1111  ((1.g., tllc varia IIc(:s  wsociatd  will) IIy])otl](ws  arc kII(nYII  o r  (:qllal). A s  ill (ml

i])tmval-1  )w-ml a})l)macl ICS, ‘1’unil)ull  aIId 11’ciss  t wat lylmtl}(ws  as I Iorl I Id vtlrial)l(w wit]]

lllllillow])  111(’:111, aII(l  uIIl<IIowII  aII(l  uII(’qll:ll  va)ial]  (.(’, IImv(wr tlll(:y  llIakc tlI(I ad(litiollal

:lss~lltll)tiol]  tl]at  lIyl)Otll I(WS alr il)(l(’1)(’11(1(’llt. 11 (:111 still 1)(’ l(iasollal)lc to lIs(I this al)-

l)I(M(:II U’lICII tl](’ lrj])otlI(ws  arc l]ot ill(lqwl]d(’llt, l)llt this C: III l(~:ld to (Ix(:(wsil(t statistiwl

(’IN)]  or 111111(’(:(’sstilily large tlrail]ill~,  S(I{ sires II II Cl(~I c(,Mil}  (:il(:lllllst;ll)(:(’s.  llmv(wr, ill tl)(:

(’ilS(’  \\’1](’l’(’  1 l~])otJll(’S(’S  a~’(’ tl’lll~~  il](l(’})(~ll(l(:lltj, t h i s  t(d]lliqll(’ (all (xl)loit this kII(mTl(xlgc

I)l{AIJ’I’ ()( tollc’1  G,  1994



II YI’()’J’111’;SIS  l:\ JAl, (l A’1’10N  IN L’l A(~ll INl’;  I, I:A1{NIN(; 17

:111(1 lil;(’ly  OIItl])(IIf  OI’lll”  our II I(MImls  wllicll  d o  IIOt a(lo])t  tl]is assulll])tiol).  ‘1111(: ‘1’IIrIIl)ull

t(dllli(](lc is (Icscril)d  ill Al)l)ol(lix  11.

‘1’11(1  CK)MI ‘OSII;I{ twl]]~iquc  (dmcrild  i]] A])]m]dix  (~) vws ]mqmsul  to SOIWI  l]y])oil)csis

wtllllatjioll  ]nol )lmIIs as tflIq~  arise i]) tllc co]]tcxt of ;idfl])tiw ]wol )lcIIl solvil)~. (X)M1 ‘OS1’;1{

tfr(’:ltls  IIylx)tlll(ws as d(qmI(lcllt lIorl  IIal vdrial)lcs  with III IkIIO\V II 111(’aII , N](I Ulll;  liowli s l i d

111 I(I(plal  varia]]ce. (~ OMI’OSI’;l{,  ” IImwvcr, dots ]Iot illl]d(’lll(vlt  tl](’ llo{i(n]  of aII illdifl’(wl)cc

il)ll{viil.  l{: ItlI(:I it is t)ryillg  to a(lol)t  tlI(I first 1]~’]mtll(’sis  tl):lt  (:; III 1)( I (1(’lllc)llstli]t(}{l  to 1)(I

Sip,llifi(:ill  lt,ly 1)( ’t, t,(’l’  i,]lall [L (1(’f’all]t,  IIyl)ot,li(wis.  11’11(’1)  tl](’ 1)(’S{  lly]JOtl](W’S  :11’(!  ;111 (:10s(”  to

(1:1(11  ot,ll(’1  ill Iltility, Coh Lil)OSl<jl{”  ~vill r(qllir(: aII (wcwsivc IIIIIII1)(JI of tlail]illg  (xaIIIl)lcs.

1). ~4(:[}lo(1010$/:lJ

l’)irstl  wc (Iis(lws solIl(” IIl(ttfllo(lologi(:al  issllcs. ‘1’II(! il]t(’l~tll-l):ls(’(1  aII(l (IX]) (IC((I(I 10ss alk

])I():l(:I1(Is  (11111 )ody (Ii fl’clrlltl  clit(via  for s(’l(wtlill~  11~’])otlI(ws alId Il)crcf’olc arc (Ii flicu]t to

(:011 I] )arc dircctlly. ‘I’l I(ls \v(I first, t(’st tll(’ illtcrva-  I );md alI(l (Ix] )cct (xl loss a])] )loaclIcs s(:] )-

:\ltltcIly.  llIt(uva-1 )aw(l a])] )loaclI(Is  lIavc  1 )(’CII  illl(wt igdt(d (’xtcllsi\(’ly  ill tl)(’ st atistlical

ral)killp, aII(l s(’l(x.tioll lit(’ratllw  (s(’(’ [ 2 2 ]  f’ol a r(wi(!w of Ille l(((llt lit(wtllrc).  ‘J’l]is af-

f’or(ls IIS tlI(I ()])})()lt (ll]itjy  to (:oIII])al(I S’J’01’I :111(1  S’l lO 1 ’ 2  :l~,tlillst

a])] )roa(’1]  .

‘1 k(l)l]iqu(w am (wllllatj(xl 01] sylltllctic alI(l  r(’al-l~wrl(l  (Iata s(is.

a sta II(la Id stalist)ical

Sy]ltl](’tli(:  d a t a  a l l o w s

a s~wlj(’lllati(:  t(:stl of III(I f’orlna] l)rol)(:rti(x  of (:a(. ]1 tl(’cl)lli(]uc 11’l]ilc wal data sets test, t,l Ic

:1])] )I()])li:l tlcll(’ss of” stlatlistica]  assultl])tlio)]s sII(:l I [IS t IIc II OIIIIal tl])])ioxilll:ltioll”  aII(l assess

tlll(’  ] )Itl(:tfi(::llity  of (:;I(I1 a])] )roa(:lI 011 lral-w’or](l ] )101 )1(111 Is. l“ill:illy,  ill ti (olll])l(’llcl)si;~(”  r(la-

~~701](1 t,(,st, 01) s(:])~(lll]il]{:  (];it,;~, \v(I (: OI)l]); IJ(I t,])~ jl]t,(,l\,~l]  ]):1s(,(] :111(] (JX] )(>(:t,  (>(l ]osS :1])]  )1”();1(:]](’S’,

llsil{~  ;I 1~’i(](~  raIIp,(! of ]):llal I)(’tJ(’l’ s(’tltillp,s. ‘1’llis t(w[ r(’])olts 01) 11)(’ l)ottolll-lil]()”  (Ifl”(’(til’(’l)c:ss

of tlllc colll])(’tlill:,  t(dll)iqll(w i]) a ])r+y))a tic ])lol)l(’11]-soll~il)~”  srttil]:,.

AI] (x})(’lillt(~l]i;ll  trial col]sists  of solvi])p,  a l)y])otl)(’sis  (waluatioll  ]) 101)1  CIII ~vitl] H giml

t(’cl)l)i(]~l(’. ‘J’11(1 ])(IIfoIIIIfiII(:(” 0 1 1  aIIy sillgl(~ trial l)m’id(’s littl(’ illf(mllatliol] ~iwll tll(! m-

(lolI  I II:itlll(’  of tlllc tas]:. ’110 assess  tll(’ av(’lag(I (l)tllil(:t(’listi(s  of tjl](’  t(dll)iqll(’ a tlia] is

r(q)(’;lt(’(1 II)lllti])lc  tilll(w aII(l tl)(~ r(wllt,  s w(! awIIa{\(I(l across trials.  All (~xl)(’lil])(tl)t:il  trials

arc rq )cat(d 5 0 0 0 ”  tiln(w.

A I I illt(mwl-1 EIS(X1 t(xlllliqllc

()((01)($1 (i, 1991

)ro(:(:ss(x  (Ixdl II])lcs Illltil it lIas i(lclltlific(l  a l] Jqmtllcsis  that

I) I{ AF’J’
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wit]] l)rolml)ilily  ~+ is witlIi  Il c of O])tli  IIIal. SrJ’O1’1 att(IIIII)ts lo (vlsurc tll}is  ])rO])(Irtly  u’illI

tlI(I IIli]li])]u]l] IIUIIIl)(Ir  of tlrail]i])g (IxalIll)lcs l)ossil)lc. S’1’01’2 attlc]tl])tjs to CIISIIrC this

])lo])c]ty  wit]) tl]c II]illilllull)  cost ])ossil)lc. ’110 ;\ss(’ss t II(’ (olIl])(It (111((1  of’ t])(w) t(xlllli(jll(:s

W ( I lra(’k tjllr(w qllal)titliw: tllc 11111111)(’r  of (’xalll])l(w  Iwjuire(l to (1100s(: a  lly])otll(’sis, tllc

cost (f t] I(’ (Ixalll]  )1(w rcquirc(l  to cl I(mse [I lIy] )ot l]rsis, aII(l flI(J OIEWV(I(I  ])rolml)ility  tl)atj

111(’  (wlwctlc(l  lltiliiy (J tlI(’ clIos(’11 IIylmtl](wis is ill f{ict  witllil)  c of tll(’ utility of tll(’ ol)tlil]]al

IIylwtl)(’sis. 1“01 tllc cxl)cct(!(l  loss  tl(dllli(jll(’s  w track tllc aIIalogous  tllmc qualltitics:  tll](’

11111  IIINI of’ (IxaIIII)lcs to (: II OOS(I  a IIylmtll)(!sisj  tll(’ cost of tll)c (IMIIII )I(Is, aII(l tlll(: av(IIag(:  loss

(tll)c av(!Iap,c loss ill utility wlIclI tl](’ tccl]lli(luc  (:l](mcs tllc IIol]ol)tjilllal”  llyl)otll(wis wciglltc(l

ly tlI(I l)rol)tll)ility  of cll(millg  tlll( IIol)ol)tilllal”  IIyl)otll(wis).

Sylltl]  (’tic data is usc(l to slIow tlIai: (1 ) tlI(: t(cl)lliqucs ])crf’01111  as (’x]) cct,(d  WII(HI  tl)c

1111(1(’rlyillp, assllltll)tiolls  ar(! valid alI(l (2)  tll)(:  us(I (J rational  (’xaIIl])l(: allmatim]  (’xl) ilits

slllwt,allt,ial  il]l])lo~~(’l)l(~llt  WI1(III tl](qc is ulI(’qllal  cost or variallw  alIlollp,  III(! (listlil)lltiolls.

l“or i)lll(m’al  lww(l a])])l oacll(w wc slI(nv tllatl  tll]c t(clllli(]uc  will cl I(msc tlllc 1 m-+t IIy] mtll(:scs,

o r  01](I c-(:losc to tll]c  l)uit, witj]l tllc rcqumtcd ])rol )al.)iliily.  lVII(III al] IIy]mtll(ws a r c  witlll ill

c of (’a(lI 0111(11,  tlll(: ill(lifl”(’1(’1  1((1-l):is(’(1  Wlllliqu(’  sl]olll(l  quickly tcrl~lillat(’, rcturl}ill~)  airy

lIy]K)tl  I(wIs. 1“()] tllc m]w(t(xl  loss a])])ma(:l)(w tl)c cl;~illl is tl]at  tll(:  t(cll]]ique \\ill  cxllil)it

110  11101’(” Illat t!ll(’  r(’qu(’st)(’(l I(W1 of” (Vq)(’ctt’(] loss. ()]1(: s(’tl of (waluatiolls  is (I(n’is(’{] to t(wt

tl]is (Jail]].

‘J’11(1 S(W)II(I  clai]t) is tllatj tl]c tl(d]]liqllcs tl]at IISC ralli(n la] (IxaIII])l(’  allo(atioll  will (~xllil)it

s(llwt,  ant,  ia] ])(:IfoIIIIa  II((: jl])])lov(’111(’l)t  \vl I(III tl](’1(’  is Ill]c(][la]  cost 01 valiall(:c al IIolIg tll(’

lly] )otl](ws. A s(I(:oII(I  SC( of (wl~latio]]s is (l(:vis(’(1  to kst tl]is clai]n

1“01 tl)c sy])tl]ctlic  (latfa  ])rol)lrIIIs, IIy])otllmw  aw II I(K1(II(I(l w-i rtIII(loIIl  varial )Ics uitll]  1):1-

IaII lct(’rizc(l  l)mlmtivs.  A slmifi(: IIyj)otll(wis  (wll(latiol]  I)IO1)I(!III is (ollstlll(:t(!(l  I y fixing

tll(’ Va]ll(’s  of (Ylcll  of” tlll(’s(’ l)mll)(’tl(!l’s. III tllc (OIlrs(I of sol~il]g a s])(wific ])rol )I(IIIJ, val-

II(IS foI tl]c lltilitly  aIId (:os1  of (I?l(”II lly])otll(wis 0 1 1  (Ia(:l  I (X; II II1)I(I am assigll(d  ral I(loll Ily

:1(’(wr(lil]g to tlll(’  ])arw t)(i(:rizc(l distril )ut)iol] fu]l(tio]w. )“01 a givcl] ] )rol)l(IIII  lot k (Icfil]c

tll(’ 11111111 )( ’1’ of lly])otll(!s(w. 1“01 al] sylltllclic (wd~l:ltiolls,  tl}(: IIy])otll(wis  (Itiliti(w al](l costs

dr(I tr(’atl(’(]  as il)dqm](lcllt  IIOIIII;I1 rdl I(lol II vdrial)l(’s  \vitJl]  sol II(I ]):ittllllctrlizc(l  ]IIcal I alId

l)li Al”l’ 0( I[lllcl 6, 1994



11) ’1 ’()’1’1[1:S1S  l’:\’Al,LIArl’l  ON IN hlA(~lll  Nl)l,l;Al{NIN(; ]:)

wli al 1(:(1. 1(MI IIy]mtjllosis  is dcsclil)(d  lry f’ouI  ]):II:IIII(:l(~Is- (Ix])  (wt(d  lltiliiy,  lltilitlJ~  vt\li-

al)(:e,  (w]mtl(d  cost,, an(] (ostl wiriallc(’. ‘J’llus  :LllJ~])otll(’sis(  ’tt~lllEitiO1l”  ])101)1(1111  iss]wcific(l

l)y 41: ]):ll’:illl(’t(  ’l’s.

‘1’1)(! IIy])otl)(’sis  (walllatli(n]  t(d)l]i(lll(w IIavc a(l(litiollal  ]malll(’tcw  that, SovcrII IIow tll(y

ilttil(ll{ tll(’ ])1’01)1(’111. ‘-I’() (Iistli]]guisl) tl](w w I(If’(11 to ])101)1(1]11  ])ara]]](’ters  aII(l co]]tro]”  1):1-

l’tlll)(’tj(’l’s. ‘J’11(1 i]]tj(l}’tll-l)ils(’(l  t(d)l)i(jucs  IIavctl]w(’ co]]trol  l)?llillll(!t(’]s:  a] I i]litial saIII])lc

siz(’ ?I(), :1 (:ollfid(’1](:(”  scttli]]g 2* a]]cl  a]]  i]](lifl’cm]](”(!  scttil)~, [. ‘III(I cxl)cct(d  10ss t(’cl]l)iqll(w

IIaw two collt!rol  I)al’al)lclcl’s: aII initial saIII})l(:  si~j(’  TI() ali(l  a loss tlIYdlol(l  IIx.

1111(’ss  otll(mvisc  stj:ikl,  (:acll  t}ai]lillg  (’xalII]Jl( 01) alIy IIyl)otl](wis  is Siwql (IqIIal ( r e t , .

‘J’l]is III(::I1ls  that tllc ov(wll cost, of a t(dllli(pl(’  is (Iiwctjly  l)lo])oitioll:~l 10 tl]e (x]wct(d

11111111  )( ’1’ O f  (’Xii lll])l(Y+ rcqllird tO S(’l(!(’tl a llyl)otll(wis. ‘J’lIlw,  WII(VI (Ia(:lI tmillil]f,  cxaIII])lc

i s  ~iv(’1) (’(111;11 (:os1, only t,]l(j 11111111)(~1’  of (’Xilll)])l(!S  m~ill 1)(’ 1’(’])01’10(1.”  01)(” s(’t Of’ sJ’l)tllctic

CVillll Htli 011 S IIigl]ligllts tllc 1)(’ll(:fits of rational  (!xall)])](’  allo(ati(n). III tll(w cwllllatio]]s  ~~’(!

(watjc a sigllifi(:alll  dis(wlmllcy  ill tllc cost of (wlllatill~  alt(wlatjivc  lIy]K)tl  I(Iscs.

11.2 Sclt(’(llllil]g  l)atla

‘IIIIC t(wt of r(Ia-w)Ilcl  a])]) li(al)ilit,y is INIW(I 011 d:lt a (lra\vII f’roIII a~i actual  NASA S(IICCIIII-

illp, ;I])])licatioll [23]. ‘1’l]is data ])mvid(:s a stm)p,  t(wt of’tllo ill)l)lic:t~l)ilit~~  of tllc t(wlklli(]{lw.

All of’tll(:st  tltisti(:tll  t(:clll)i(lll(sll  l:]l{(!s(  )ll](f() ll]l()fl  l(~llIl:\litJ:\  ssllllJ])ti()l~.  II(nvmwt]l(’

(Iattiill tl]is:l])])li(::~tioll  islliglll~~  ll(~ll-lloll)l:il  ill flcl(tll t()st()f  tllc(li  stl`il)tlt,i()ll  s:ll(:l)ill  )()(l; il.

‘J’llis cll:ll;l(:t(:listi(: l)mvi(lcs a ratll(:r  sc\7(w lest, of’tl](’ ml)mst,ll(ws  of t,llc a])])Iw~(lI(Is.

111 this a])]~licatioll a IIculistic syst(’111  lvas dcvclo])d  to s(:l I(I(lIII(I (ollll]]lllli(:tit,ioll”  cw:llt,s

1)(’tw(’1) (J:iltll-oll)itillg  satl(’llit(w  al](l  grolII](l l)as(’(] r a d i o  al]t,c])]}as. 111 tllc (’0111’s(’ of (1(’-

v(’lo])lll(’llt, (’xtlc])siv(’  (wllllatliol)s  Iwrc ])(’lf’OIIII(J(l  u’itll  Iwliolls s(l)(’(llllil],g  IIollristlics.  ‘1’11(!

~,oill of tll(’sc (:~’alll;ltio]ts  \VaS to (:1100S(” a 11(’llristi(  S(’al’(:1] stl’at(’gj’  tl)tlt,  Solv(’(1 s(:l](x]llli]]p,

])]ol)l(’]]]s(]l]i(]tly 011 :I\~(’lag(I.  ‘1’l]isis(’asi]y  s(x’11 as :1 l]yj)otl)(lsis(  :\ ’tllll:ltio]l”  ])101)1(!1)1.  l’kl(ll

o f ”  t,]I(I ])(’llljst,i(:s  (; O13(W])OII(1S”  to :1 IIy])ot,li(’sis. ‘J’11(’ cost oi’(’l~tllll;ltillg  a IIy]mtll(wis mw a

tr:lil)il)g (’xalll])lc  is tllc cost of soil’illg 11](’ s(:ll(dlllillp,  ])101)1(1111  \\’itll tll(’ Siwl] 11(’.ll)istic.

‘J’])(’ lltility of tfll(: training  (walll])l(:  is siln])ly tll(’ 11(’giitioll of its (est. llltl]atwwy,  c])o(mill~

:1 llJ~l)otll(’sis\\~itll  lnaxilllal  m]mctv(l  Iltility  (()ll(Js])()ll( lst()(:ll ()()siljgas(l l(:(llllil1g  II(:lllist,ic

with ll~il~ill~:ll  av(wl~c  cost.

()[((11){1  6, 1094 I)l{AIJrl’
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lJsiIIF, tll(~ (Ia{a f’IOIII tlI(I ll(ll~isti(: (’~wlllatiolls  \Y(I cl(’li~wl  fOIII (la{a sets. I;:IcII (Iata s e t

corIm]x)lI(ls  to a (:(ulllk~risoll  ofsol IIc set ofscl](d(llillg  l](vlristi(:sj aII(l colltaill,s dat)a 011 1,11(’

II(l]rjstics’  ])(!IfoIIII:III(:c  owl al)out  011(:  tlIousaII(l  scll(dulillg l)IO1)I(:IIIS.  AIJ (’x])(:lil)~(~llt,?ll

Iriill (:ollsistls  of’(’xccutil]p, a t(xlllliqu(:  01’(’1  011(’ o f  111(’s(’ (Iata s(Its. l’kcl] (Iilll(’ a tl;lil]illg

(! XI II I])l(I  i s  to I)(I ])roc(ww(l, sol Il(I ])rol)l(IIII  i s  (I I; I}VII IalI(lolIIly  flolll  tlIc (Iata  s e t  wit]l

l’(’])l:l(”(’1ll  (’ht. ‘~’11(1  a(:tlIal  lltli]ity  [III(1 c o s t  ]’al(lcs wwcial(’d  wit]] t,llis s(:ll(dlllil}g  ])101)1(1111

is tlI(III  IIS(XI.  As ill tl~(’ sylltl~(’tic  (lt~ta,  ca(l) m]wlilllclltal  trial is Iv]watc(l  5000 tiltl(:s aII(l

ii]] I(:])OItc(l  rcsu]ts  a r c  tlIc aw]ag(I  of’tlIosc  I,]ials.

‘I’1l(’  illt(’1\’2il-l)  ?\sc’(lti  ]l]Jl(]:lcll(’s,  S’1’01’1 :\l](l S'l'()l '2, ;\l(\c`\t\lll;\  tc\(l()l ll)()tl]syll tl)(`tli(:;ll1(l

s(ll(dulil]g  data s(:tjs. Sylltl)ctlic ]Jml)l(IIIIs w(w (: OIIstILI(t(I(l to al Isw(Ir tlI(I f’ollmvi])g, tlIm I

(jli(wtliol)s:  1 )  (lo 111(’  t(!cl)l]iqll(w scl(’(:t (-(10s(”  l]y]mtl](ws with tlI(’ s])(wifi(d ])ml)ability,

2) (lo tlI(’ 1(’clll)iqll(x  1(’rl)lil]al(’ quickly wII(!lI all lJyl NllIm Is arc c -close, aIId 3) dms

S’1 ’01 ’2  ollt,l)(’lfollll”  S’J’01’I  \\lI(’11  111(11(1  is sigllifi(allt  (os1 0] vtllial)(c  (lifl”(’r(tll(:(w  l)ctlw(wl

IIy]mtll](ws.  M’(I a l s o  COIItrmtl tll(:  ])(II~t)IIII:LII(:(’  of’oul t(dl)li(]u(w witjlk Cohll)OS1’~l{  wld

tlI(I l(x:lll]iqll(~  Of’1’111]]1)1111  alI(l  Weiss.

‘I’ll(’ stiltlis{ji(~il  lt~l)lfillgi ll)cls(’l(’(ljiol)  lit(:l:~t(ll('lls(  silsttll  l(ltll(llll(:t  l)(J(l()lc)gj'f  ()l(\tllll2lt-

illp, tll)c sllatistica]  (mm of lly}mi)]l(wis (:wll(latiol] lc(’lllli(jll(w. IV(’ a(lo])t! this lll(:t,]lo(]()](  )?,~

11(11(1. 1{01)(11( l)(:(:llll(Jf(:li l)tjlO(l(l(:(:(l  tll(’(ol)(:(q)t ofllI(:lcilst f;l\’ol;]l)l (’(: ollfif,lll:ltiO1l  of’tlIc

])()])lll:~ti()ll  II)t’:ilIs  [18]. ‘J’llis i s  a l)ar:I]IIc{c] (:ollfig(ll;ltiol)”  Ihnij i s  Illost lili~l~  to (allsc a

I(dl)liqll(’ to clIo(w  a v,’lwllg IIy])otll(’sis  (011(1  tlI; It i s  l)ot (-(lmw) aIIcl (lIIW l)rovi(l(’s  ilI(:

IIlost s(Iv(’1(’ test oftll(” twl)lliqu(l’s  al)ilitics.  111111(11  tllis(:ollfip,(ll;]li(~l),  k - 1 of’tllc 11~’])otllc

S(W lIa\T(I  i(l(’l)t,i(al  (IX]) (Y(,(!(I {Itilitics, /i , alI(l  tllc ml]aillill~, l)y]mtl](’sis lias (vqm:t(Yl  utility

// - 1  c. ‘1’11(:  last  IIy]mtll]csis  has tll)c l)i~l)cst  cx]wct(d  uti]it) aII(l SIIOIII(I INI cIIOS(III  I)y tl]c

t(’clllli(jll(. All lIyjJoilIwws arc ill(l(:])(’llclcllt  all(l tll( (:osts aI~(l w~liall(xw of al] l~y])otl~(ws

ill’(’ (!(]11211. “

'llll(` l(';lstl f:\\' ()l:\l) lc(:(Jllfig(ll~  lti()l]  1)( ’(:olll(’sl ])olc(lifli(:lllt”  (l((j(lil(’slll  ol(:(’x:] ll]])l(’s) ast])(!

‘)N(I1{, 11);11 ilI this  cv:)luatioll  c acls  a s  a ]IIolIlc]II  ])atal  IIclct itl acl(li(iotl  10 ils ]01(  a+ a C(I]I(IOI j,tlta]t]ctcr.

I)l{AIJ’I’ ()[I(lIK’I (i, 1994
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‘1’11(1 kcy ]CSII1l  to ]Ioticc i s  t]]at (;OMI ‘OS1{;l{ f’t]ilc(l 10 tc]]]li]]atc o] I alIy o f  tllc t,]i-

:]1s. ‘J’l]is lligl]li~llts  tllc ])otc]ltial (Iifliclllti(w  Jfitll (~ON!l)OSl;l{”  t]]:(t, S ’ l ’ O 1 )l  
aII(l  Srl101’2
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os(1
().87
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j]}(l(~])(’]1(1(’]1(:(’ illf(mlllatjioll  aII(l slightly oul])crf’OIIIIs 1 II(I 01 II(II a])])IoaclI(w.

CI.3 l{atiollal Allocatio]l  ‘J’cst

S’1’01’2 is (lcsigll(d  1,() ])(Id’ollII well WII(III tll](’  (os1 of ] )Io(msillg (Ix;llIl])lcs  or t,l I(’ ut i l i ty

v~l~.i;lll(.(:  (Ii fl”(:ls lvidcly a(:l’oss IIyj)otll(’fi(%’. ‘J’]](: 1)1(’((’(lillg (:wllllatiolls  [lid IJot, colltlrastl

tll I(I two al)l)roaclIes uIIdm t,l Icsc mlldit,io]]s  :1s lM)tlI  t]lc cost,  a]ld va]i:il~ccs  lww NIIIal.

(~()]IH(Icjll(:IItly S’1’01’1  aIId S’J’01’2 ~wvr ;I])])loxil))ilt(:ly  (I(]llally  (’fli(:im)t ill t]](w) t e s t s .

‘J’llis (walllatiol] COIItlIaStS  tl](: a])] )IwiclIcs 1 q ])rovi(lil)g ])101  )1(1111 collfigurat  ions wit]) IIigl)ly

1111(’(]11:11  (:os{s.

I’IO1)l(!III (OIlfigtllfltiol)s”  aIc~ (Icfi}l(’d  as f o l l o w s .  011(:  IIyl)otl)(wis  (tl)c  cor](’(’t  s(’lcctiolk)  i s

assl~,ll  (’(1 tl lllgll  111(’  all //{,[s(. A  S(ICOIICI IIy])otll(!sis  is assigl)(’(1 :] IIIC;III sli~lltly  l)(:lmv c o f

tll(’ I)(’St, ///,(,,,. ] . A l l  ml)ail]il]~ lly})otllcs(w arc assigyl((l  a l(nlr II IC:III, /{,,,,,, .1. ‘1’11(1  S(K:OII(I

II)] mtll(’sis is p,ivm) :~ l]i{~ll  (x)st (lli(,Jl [\II(l  :~11 o(,lI(u ll\}~(~tl](s(’s  aI(I p,iwvl  10}Y (OS{,  clot,). A l l

IIy])otll(w:s  alc assi{y)(:(l  a (OI))III(JII vilriallc(’  oi fif’l J’, /lI,c,$(  = 7 4 ,  /11,, ,(. I =  7 2 ,  //,,,,,, St : 5,

( = I , aII(l T/() = 7.  Varimls (:ol)fi(l(’l]c(:  s(’ttil)gy  w(w)  (wl(lak(l. ‘J’11(1  r(wllts  arc sull)ll}ariz(d

ill ‘J’iil)l(’  111.

‘1’1](: ITslllts illlmtjratr  tl]c c lear  (Iol])il]all(x!  of S’I’01’2  1111(1(:1  this (ol)fig(lltltioll”  - III) to

U’ll(’tlll(’r  tllm

l) OIIIId OII t h i s

I) I{ AIJ’I’
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]<: S’J’JNIA’I’J;I) lI;Xl)lI(~’J’II;l) ‘ l ’ ( ) ’ I ’Al> NUMllltl{  01” OllSl~l{\JA’J’loNS  101{ S(IIIII)(IIIN(;  I) A’1’A.  A(~IIIII:VEI)

I’I{OIIAI  III
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1)1 3

1)2 2

1)3 7

1 )4 7

I’Y 01’” A (!01{1{1’:(:’1”  S

-1” : S’1[)  1,1

().95 34 908 (1 .00)

“43“ I ‘ 4  ‘](’0)
0.95 14 I ‘2,371 (().:)4)

0 9:1 11 7,072  (0.90)

l/1t(~’1’10N  IS  SIIOW’AT  IN

S$I[) 1,9 3111{ NII[ll,  T,

648 (1 ,(1(1) 20,6!11 (1 .()())

7(3 (1 .(1(1) J 3,(1(>() (1 .()())

‘2,153 (( I, W{) 94,:{ [)6 (1 0[1)

7,021 ((). !)1) R7,357 (1 .()(l)

‘A I{ I;N’1’lII:SIS.

C, C) A! I’C)S1:I{

7N (1 .0[))

i4G (1 .()(1)

2,45(J ((1 97)

21,312 (0 ,$!))

tlI(I (ollfi(loll((:  I(w1 d(mcas(w.

C~.4 $klldulil]g  ‘J’cstl

W(I IaII al] f’0111 alg(nitllll]s  mm tlI(I f’(nlr  scl]c(lulillp,  data scls. III (Ia(:l I case tlI(I  v =

9b(Xl,  7/()  : 15, aII(l  ( : 4 . ( ) .  ‘1’tll)lc  I V  sll]l)ll)arizrs  t]lc rcsIIlts  aloI)g wit]] tl]c llu])ll)(v of

lIy]N)tll  ICS(:S  al)(l  Il)c dativ(:  (lifliculty (~) of (Ia(:l I (I:lt)a  set.

‘1’11(1  ])rillcil)l~  result is that  S’1’01’1 al]d S’1’01’2 s~llwt,alltially mcwdd tile ])(:lfo]lilal)c(”

of’ 11 1(’ [Allcl’ dp,ol’itjllllls  cxcc])tl  011 011(! (::IS(’. ‘J]lIC 011( (xcc])tioll  is aII flltif’act of <~OMl ‘OSl~l{

so]\Tillp,  :i s]ig]lt,ly (Iifl’(wlltl  tMl<. l{atll(:l t hall clloosillg”  11](I  IIy])otl)csis  that i s  c - c l o s e  to

o])tilll[~l, ClohIl)OS1’H{” (:ll(m(w tlw first lly]mtllcsis  to (Iol)liljate a (1(4’aIIlt  lly]mtllcsis  (tlIc

filst IIy])otli(wis  was arl)itmrily  (1(’fill(d  to lx’ tjllv  d(f’:~lllt ill tl)cs(’ tlia]s).  III data set 1)1 tllc

(1(’f’;~lllt  is sigl)ifi(”alltjly  wol”s(! tl)all tllc otll(’r tll’()  IIyj)otll)m(’s) wlli(ll  ill 111111 arc ill(lifl’(w’lltj

to (’:\(’11 Otllcl’. S’]’()] ‘1 and Srl’ol ‘2 tak(’ 1011  :,( ’1” 1)( ’( ’2111s(’ tliq  lllllst v(’liij ll~is  illclifl”(’1(’ll(:(’.

N(I(,(’ tl):lt,  (llllik(’ tll(: sylltllct,ic  (I;I(:I \vlI(Im S’1’01’1 Iliis slip,lltly  II IOl(I (’flicic]lt  llIalI

S’1’01’2, ill (,11(: s(JI(’(llllil  Ig data S’J’01’2 w’as slightly lIlol(’  (’fli(:i(’l)t. III fact, i]] tll(’ s(:ll(Idlll-

illg (lata tlic)(’ i s  soll](:  dis]witly  l)(iwwI IIy]mtl)csm ill tl](’ir  lltility vmiall(:c.  S’1’01)2

i s  ;I1)I(I to dc(:oul]tl  for tlll(w f’a(:tlors WTII(III all(xntji]lp)  exalt)])](w,  a]](l tlllw cxllil)its  gmatlcr

(Ifli(icllcy.

‘1’I~mlnlll  iIIl(l TIJ(’iss’ L(!cl)lliquc  ]mf’oIIII(Id  sul )s1 al]tinlly  IV()]S(I 011 t!llc l’(’a-w’ol’1(1 data.

I tls ])001 ])(IIfollI12111(:(” is (lu(’ to tliw f’actms. l“ilxtl,  tll(l  t(xlllli(jll(’  is III Ial)l(I  to (Illickly  dis-

(“:11(1 IIy]mtll(ws  tllilt tlIxI  clearly (Ioll)illato(l”  ly otll(’r lIylmtlI(w  Is. S(IcoII(l, t II(I t(’(:lklliqu(”s

il](l(’1)(’1)(1(:1](:(: assull)])tliol]  was ill:l])])lo])lifltc  for 11 lis (Iatil, wlli(:ll  is stmlgly  ])ositiw’ly

l)l{A1’rl’ OCIO1)CI  6, 1 9:)1
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o. !1
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().7
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0.s

O.(I

0.4

0.2

this 1)]01)1(1111.  1“01 this (wluatiol], T)l = 50, {\ll lly]mtll(ws  sllwc a (WIII]II(H] uti l i ty vtlliall(:c

02 : 64 :111(1 c = 2. A l l  ot,l I(I] lmIaIII(’trIs  aIc villie(l  iIs il)(licatwl  i]) tl]c lrsults. ‘1111(1  S: LIII])l C

s i z e  IwIIlts  alIcl  ol)sclv(d l o s s  valll(Is  arc s(lll)lllariz(d  ill ‘11:11)1(’ lr. ‘1’l]c r e s u l t s  illustlratc

tlIat  tlI(I t(d]l)iqu(w I)(IIf’(Jr]]) as ])mlict(d. As tl]c I(MS tllr(!sllol(l is I(Nv(I](I(I (1](’ t,(’cl)lli(lllcs

tdl:c II](m tlrilillil)g  Cxaltl])l(w  to (:]lsum tl)c (IxIm:t(!(l  loss mt]ail)s  lXIIOW tlllc tllwsllol(l.

1;.2 li;itiollal All(xatiml  ‘Jkst

111,2 i s  (l(wi~ll(’(1  10 ])(vf’01111  w]] w1l(II] tl]c (0s( o f  ])roc(w+ill~ (Ixa]I]])l(Is o r  tllc utilitjj

ITill’iilll(:(’ (Ii fl’ms wi(lcly :1( ’]”oss llyl)otjll(W!S. ‘J’II(J  ])r(w’(lil]g (wllllatio]ls (lid IIot col]tmst  tllc

t \vo tj(’cl]l]iqll(:s  as tll(’ (os( al](l  villitlllc(w  IY(:I(I (I(jlltll  :1(:10ss  l]yj )otl)(Is(Is. ‘1’1 )is (:lwlll:]t  ion

(w])t mstls tll(’ :]])] )Mm(:l  ](:s using  ullcqual  costs a c r o s s  111(1  lIylmtlI(w  Is. ‘1’11(:  (ol]figlll:ltiol]”

(]ml  i s  id(’l]t)ictll  to tl](’ 01)(”  d(w:ril)(d ill S(xtiol) C~.3. ‘111](1  (lifl”(wllcc  ill ml )(Ict(Yl  cos ts

l)(Itw(I(I]I  solvill~, ])ml)l(:]l]s  with 1’;1,1 a]ld 1)1,2 i s  sul])ltlariz(d ill ‘J’al.)lt’  ~~1  ‘J)llc  rcslllts

il)(licatr tjl I at l’;],2 sul)st alltially olltl])(’lfollll(!(l”  l’~1,1 ill 01](’ {Iriill solvil]p,  tllc collfi~~llfltlic)ll

f’olll til])(w IJ]ol(”  cfli(:iclltly.  It],2 acl]i(ww ~wat,(’1 (Ifli(:i(’llcy  as tll(! ]I(lIIJ1  )(I1 o f  lly])otl)(ws

ill(w’as(w. A s  wit]) S ’1 ’01 ’2  w slls]wct tl]aI tll( ]mt(’lltiill  for p,r(Iat(Ir cfli(i(llcy is IIOt

I) I{ AI,”J’ ()[(()IIC1  6, 19!)4
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I 1 - “-

l’til:illlc’t(’lh 1’:11 l’:lj2

Wt k II “ %il,ll)l(.s 1 >[1ss S:llll],l(+. I /0ss

1)1 :{ :{. () 78 [1.1 /j g 1.0

1)? 2 3.0 30 1s 30 1.8

1)3 ? :i. () :{ :3 r, :{ (1 177 :{. 9

1)4 7 3.() 7:{5 1.7 283 22

III Il)OIIII(l(d,  l)~lt W(I IIavc l}otl as y(:tj olAaill(  ’(1 al) II])])(I1 I)oll]](l 01] tl)(’ r(’latiw  cfli(:i(’llcy  of’

1’;1,2,

1’;.3  Scl)dulillg  ‘IM

\3T(I l;lII tjll(’ two (’xl) (’(:t(’(1-lc)ss  lmc(l Wlllli(j(lcs  mm tll(’ f’ollr s(:l](duli]]g dfltil s e t s .  11]

(’il(ll (’ilS(’  tll(~ IJ= 3  2111(1  ‘/~[) : 15. ‘1’1](’ msultls m sl](mll Iwlmv  ill ‘1’al)]c  V ] ] .  ‘I’l Ic IIlai]]

l“(’sllltl i s  tllilt tjll(’ alg(mitllllls  col’1’(’(:tly  I)olll]d(’(1  tll(’ (’x] )(’(:t(’cl I(EW \\ ’itll 011(’ (’x((’l)tioll

1’;1,7 ~,il\’(’ gl’(’at(’l’ tll:ill (! X])(’CtlC(l  1 0 S S  0 1 1  (1:11:1  Sot 1)3. 11 :1])]  )( ’:11’S  tliiltj this (Ixc(’])tjiol)  tll’OS(!

f’ro]tl  a si~,l)ifi(allif  (I(q)  a]tfurc fro]]] ]I(ml]ditjy  ill tll}( (Iistlil)llti(]lls collll)risillg  tlll(: (I?lta  s e t .

A(l(litim)d  tlials (l(~l)lol)stl~~i(:(l  t h i s  (lisc)(:]ml(y ~~ocs away if tll(: il]ifial S:IIIII)l(I  size i s

il~clwlsul,  il](w]y ill)])m’il]g  trl)(: lJonJ]al ;I])])loxil]latioll.”

()(101)(1 (i, 1!)94 I) I{ AII”I’
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1“. l)it<(:71.<,~ioll  of lhy)cci(d 1,0ss  E’u(llu(ltioll

‘1’1 I(I tlIIw CValIIatliOlIS of 1’;1,1 aIId 1;1,2 gi~’c clc:tr sul)]mrt fol tllc (:fl’()(:til’(’l](lss  of t

al:,()]il,l]])]s.  ‘1’11(:  t(’cl)]]i(]ucs  })(’rf’()]]11(1(1  as ] )r(diclle(l, ])]o])(’lly  l)ol]]l(lil]g  t,lI(I (Ixl)(x:kYl 1 0 s s

uIId(Ir  a vari(:fjy  of ])aI’aIII(’kr  (:ollfi~(ll:itlic)lls.  W(I di(l 01 mrvc that ull(lcr smne of tfll(! coil  -

fi~llmtlio]ls I’;IJ2 gave slightly lalg(’r tlllal)  1“(’qwst(’(1  loss. MOI(I g(I]Iclally,  it a])])ctils  that

lI]c (:x]) (x:t(d  loss a])])macl] will lw II]orc suscq)til  )1(: to d(qm]tum  f’rolll IIorl]lalitly  ill tll]c

llt i]itly (Iistllil)lltliolls, wIJ(:I1 col]l]mml wit]) illl (Irv*il-lm(I(l  a])] )r(mcl]. 1 k)tll a])] n’oa(’llcs  11s(’

a IIONI1211 (listlril)utjiml  to a])])mxill]atf(:  tllc (Iistlril)utlioll  o f  a sNlt J])lc III(YNI. 1 IOW(’V(!I”  111(!

i]]t(’l~~;ll-l):lsc(l  a])]) roa(:lI  is oIIly s(v]sit)ivc  to tll]c i~wa ulI(l(Ir  ])artjs of tjllc IIorlIIal cllrvc. ‘1’11(:

(’x] )(wt(’(1  loss (J()]]l])l]t:lt)ic)]l  IIlak(w llsc of I )(A1l  tll]( awa  aIl(l  tl)c slIa])(I of ccrtjai]]  ])arts of

tll(’ II[)l”lllal  (:111’VC. ‘J’lIus tlllc cx]mctc(l  10ss a])]) Ioa(lI d(IIIlal Ids lIIor(I fi(l(:lity  f’rol II its a])-

])]oxi]l):ltlic)]],  alId tjllis fi(lclity is clcglaclc(l  \\’lIclI  tl]c ll]]d(’rlyi]l~  (Iistlil)lltio]]  is ]Iot ]1()]]11  al.

‘1 ‘]lis (’fl’c(;t,  (aII 1 ) ( :  (:ol)l])(’lls:lt(’(1  l)y using  a  larp,(’1”  7/()  f’ol tl)c (xl)(’ct(’(1  l o s s  tcclllliq(l(’.

c. Col)iy(ll’ill.q  lflt(!lwl b(l<s’cd to ILLy(!ctcd  1,0,5s

011(1 ca]l])ot  staic t]]at i])tl(vval-l  HS(I t(d]]]i(]l](w arc lwttw or worse tlla]] cx])(’ctd  10ss

il]q)mdl(’s (Iac]l  is solvi])~ a slightly  difl”(w]ltl  ])101)1(1111. IIlt(’i’v:ll-]  ):1s(’(1  alq)roacll(’s  al’(’

att(’ln])llil]g  to i(l(’l)tjif’y  a  lI(Iarly  o])tli]]lal  l)y]mtllcsis wit]] lligl]  collfidulc(:  wl]ilc (IX] m:tc(l

10ss a])]) mIclIos are attc]n])ti]lg to ]t)i]lil]liz(’  tl)c cost of a ]I]istdw]l sclcctiol].  If III(I ~oill  of’

tl]c tw-k is to idcl]tif~ tlllc 1 mt IIy])otll](wis tllc]I  (1( ’ill’1}’ all il]t(~~’i~l-l):is(’(1  a] )I)ro:lcli sll(nll(]

1)[! Ilsc(l. If tl)(:  goal is to si]]l])ly il]l])wvc (m]xwk(l (Itility :ls l]lucll as lmssil)l  (:, (Jitl)(:r could

1 w tlsc(l al](l i{ is ul)cl(’al wlli(:]l is to 1)(: ])d’(wc(l.

our ori~i]]al  l])otlivatli(n]  ill dcv(’lo])il)~  tlll(w a] )])roacllcs wds to d(wlo])  (: fl’(’ctivc  tl(dl-

])i(]ll(w f’ol :Ida])tjivc  ])lul)l(I]I) solvil)g. 1]1 tl]is s(’ctio] I w(! att(:]ll] )t to ass(Iss lIm\’ tlIc vtlriol]s

a])] mm(:l]es ]mf(m Il ()]I tll iis task. III ]mrti(l]lar  W(I co]]si(lcr llmv tllo a])l)roa(:]l(w  l)crf’ollt)

ill tl)(’ ])101)1(1111  of l(:ar]]i)lg  a set of ])101)1 (1111 sol~’illp,  II(nlristi(s foi 111(1  N’ASA scll(dlllillg  clo-

lt]ai]].  III tjllis test tll(’ alg(mitjllllls  w(w givcll  tllc task of o])tiltlizil)g  follr Colltml ]mra]]](i(lls

Of’ tll(’ ;ld?l]  )tiV(’ Sdldll](!l’, Wit]] t]l(’ F>Od Of S] K’(’(]ill F, 11]) t]l(’ S(:]l(dU](’ F,(’11(’l’:ltioll  ])1’0(:(:SS.

‘J’1 I(I s(dlltioll  to this (:ollsist)s  of i(l(’lltjifyil)g  a go(Kl II(vlristic for tI?lclI o f  tl)(:  four co]hol

] );l];llI)(\t(’]s,  wlI(IIv tjll(: 1.)(:s( clloicc for a  ]mrtli(:ulal  ]mral])(i(’r (lq m]ds  ()]I tll](: II(mristlics

l) I{ AI”J’ OC([lIIC1  6, 1994
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‘1’AIII,I;  \~lll

])11{11[;’1’  (l[)MI’AI{ISC)N  [)1’ All,  1 ’ ( ) (11{  Al,(;  olil’I’lIhlS.

t

(:110 s(’11 f’())’ 111(’  Otjllcl

a good  (:()]]]l)j]]:itlj()]]

(: ON’l]  ‘osl:lt  (().90)

Srl’ol’l  (().7:),1,0)

S’I’01’2  (0.75,1.0)

1:1,1  (1.0)

1{;1,2  (0.5)

(Itility

17.3

17,1

16.6

16.8

16.4

Stll’akgyCOl Itlml ]mall]ctcrs.  \V(: ilIIl)l(Il]I(’l]t  a IIillclillll)illg

of’ l]ulristlics.  1“0] ]IIOIC CIct;lils  OII tjl IiS a])])licatio]l  do]llaill

‘1 ll)(w w(: ]I]w]y  issll(!s  Id(hwltj  to lylmtllesis  (:~wluatioll  w] Ii(l] l]av(’  not I m!]] a(l(imss(I(l

ill this ]m]m. 011(: issll(:  is IIlo(l(’lillp,  (1](’ (:olll])llt:~tiollill”  (ostj of  illf’(’nil)g  all(l  ;I])])lyillg

tlI(I slatisti(:a]  I]]()(lcls. 11) so]l)(: :I])])li(:fitiolls, m]c II]igjlt  il)lagil]c t]lat  tllcsc  costs woul(l

()[(( 11)(1 6, 1!)94 I) I{ AIJ’1’
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]day ;] sigllifi(:allt  101(:  ill (I(:tl(:lll)illillp,  tllc lls(!f’ulll(ws  of our IIy]mtlllcsis  Cvilluatiol}  l]lo(l(!.

1 IOWCV(I],  ill 0111 target a])])li(:atlioll  of Iean]illg  f’ol s(lldlllillp,, tllc cost of p,atll(!rillg  furtll(:r

illf’(wlllatjioll  IIcavily outwiglls  tll(:  cost o f  il]f(mill~,  all(l a])])lyil]g  (11(: stafistjical  lI)(xl(Ils.

] ]OJ\mT(II’,  f o r  ot]l(’r  (Iol))aills  W(I cOIIC(I(lC  t]lat t]lis  lIIaj’ 1101 ] ) (  I  t]lt’ ms(’.  A  SW”OII(]  rdatd

issll(’  is to (Jstilllatj(’  all(l  tlltid(:ofl’  this cost of :Il)])lyil]/, tl)(’ s ta t i s t ics  al)(] (I(:cisioll IIl](:ory

mlativc  to tl]c cost, d a(lditiol)al  (IxaII]])l(Js.

AII illl]mrtal]t  issue is tl](: usc of tllc 0(1{) (Irml f’ull(:tiol}.  l’(lrtll(r  clll])irical  (wduatio]l

I I( I ( I ( IS  to 1)(’ ])crfor}nd  to l)(’t)tcr  ul)(l(:mtalld  tllc r(:latio)lsl)  i]) l)ctlwml  7(0 alId tl)c  lIul Ill)(!I’

of  lfl,i~,~,  sw’it(:]lcs  duril]g  IIy]mtll(:sis (wdllatiol] , a]l(l  (’xactly  IImv this wlatlcs to 11](: mol.

]} ]()(1(’1s iil](l to tlic m(llliwd  collfi(lcllcc ] )L\liilI](It(’1  ~. A s  a  fllrtllcl  sIIl)tlety, OIIC IIligllt

collsid(’r m]lovil]g  stlmtcgj (’s w’llicl] lxwol))(! (loli1il18td  at ally ])oi)lt ill tlll(’  mmlllatioll  (ill

colltrastl  wit]] tlllc cum:lltj  al)]  )roaclI  wlljcll  rcqllircs  :111 strat  cgics to 1 )c col II ImIwl agai]lstj

11](’ fill:]] ]l/,; r,/,).

Al]otl](ir  issllc is dct(mnillillg tllc exact iltl]mct of tl]e (Il]al (:xa]l)])l(! I)l)(v]()]Dc]l(HI  (w1)(w

tl\vo (’XWII])I(!S  al’c 11(x:(1(x1  to colll])ut(: (JaclI  data  ])oil]t  for tl](’ (lifl’m(’lltial  distril )utjiol])

~trolll(]  1)(, (](lsilcll)](:.  A(](lit, ioll:l]]y, if” wc ]]a(] ~ IIlct,]lo(] Of (lst,ill):lt,il]~, :] Ilt,i]it,y  difkmll(x’

wit]) u]]c(plal  llu]]llms  of cxmn])lcs  tllatl  would 1)( I \wy 11(’l])fu], l)ltt sillc(’ tll(’ utilities arc

(mwyillg  it s(m]ls ulllikcly  tl)at  su(:]] a t(xl]lli(]uc  uril] ~w foull (l.

‘J’llis ]M])(Y has d(w(:ribcd td)lli(]ucs  f(n (Jloosillg  al]lol]g a s e t  o f  alt(mlativu+  ill tllc

l)]w(:]Ic(! o f  illcollll)l(i(:  illf(mllatioll  a]](l wlyillg costs of iic(juilillg  ill{ ’oll}lz]tioll”. 111 0111’

a] )])roacl], tlll(: cost alId utility of wrious altmlatliws arc rq )rcsclltlcd  usi]lg ]):1]’:1]]1(’t(:lizc(l

st, at, ist, i(a] II IOIICIS. Ilsi]]p,  td]lliql]m  f’IOIII  aII ama of stat istics  callc(]  })aralll(’tt’)  (Mill)atioll,

II1O(I(IIS  cm] l)e il)f’(mr(l  fro]]]  ])c~’f’ollll:~ll(:c  011  SNII1)IC  l)rol)l(IIIls. ‘I’l I(Isc statistical ]l]o(l(IIs ct~ll

tl](~ll  1)(, US(I(l  to (wtilllall(~  tll(’ lltility al]d cost of ilc(jllilillg additional illfollll~tioll  ;Llid tll(’

I)l{AIJ’I’ ()(t[lllcl  G, 1994
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(Ililitly of selccli]]g s]wcilic  :]lt)(:lll:~til’(’s  fro]]] tlIc ])[wsilJr cl]oiccs at lImId. ‘J1lJCSC tccll]liqucs

1 Ia\’c l)cc II a])] )Iid 10 adal)tivc ])l[)l)lcl]l-soil’il]g, a tccl]lliqllc ill wl]ic]l a systrl  II alltlo]natli-

c:IIIJ’  tfIIIICS varimls Un]t)ro] lmralIIetc  Ix 011 a lx’rfo] II IaIlCC Cl CIIIC IIt to i]ll])mvc ])(’lfo]]t]:~ll(:c

ill a give]] do]]lai]l. l’;]]]l)irical  ]wults wcIc ])rcsc]Il ml co]]]]mrillg tllc f’fli’cti~~(’11(’ss of tl]csc

tcclII Iiqucs OII artificially ~cljcratcd data  aII(l  s])(wIII]  ) lcar]]i]]g fIolIl a real-wor](l NASA

scl]c(lllli]]p,  dol]]ai]].

1 ‘oltio]]s of tl]is work were ])mfor]IIcd  ly tll]c Jet 1 ‘ro])lllsioll IJalmratory)  (klifor]]ia lllsti-

t(ltr of ‘1 ‘ccl II Iolo:,y,  lIII(l(!r c(nltract witl] tllc hTatioll~\l A(w)llauti(x  [111(I  S])acc A(lllliltistrt~-

tioll all(l ])oltlio]ls” ail tllc lkd<l]]al] IIlstjitut(!) Ulli\wsity of’ IIli)lois IIIIdCI Natio]]al  Scicl]cc

l’olll)(l:~tioll  C; IaIIt N~lI’-ll{l-<)2-of)~3{)4
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((w] )(’ct(’(1  loss f’ol”l)lllla 1)

A]JIIII;~JJ]X 13: ‘1’}] II; ‘J’IJRNIILJI,I  AN]) WNISS A],GOI~IrJIIM

‘J’IIr  Ill)IIll  aII(l  W(’iss  IIaw ] )ro])os(d  a scqll(!l)lia]  ilItcrval-1  )ww(l  ])ro(:durc f o r  s(’lwtillg  tlll(:

111( ’I IIl)(Ir  of a ])()])ulati()l)  wit]]  l a r g e s t  lIIcal  I. M(’1111  )(w arc collsi(lcr(d  lIorlIIal  varinl  )Ics ~~itl)

II II1<IIOWII  II I(:aII  aII(l  ulIl;  llowII varial)cc. ‘~’11(1  ]) I()(dIII(I  is as follows.” 1“01”  (!a(’1) lqq)otll(w(’s

talw  aIl il]itial  sa]n])lc  o f  710 0 1  )s(vatiolls) tlI(’11 t a k e  0 1  )s(mwtiolls  s(x]llm)tlially.  Stjol) SaIII-

‘2 < .1 \!~llcIc S’? is t,l]c S:lIIII)IC lwrial]cc all(l  71j is tlIc 11111111.)CIl)lillg  frolll a IIy]mtllcsis w])(v): ;,’, - ~,+ ?

of (1.xiI]Il])l(x  lalml  for l]ylmt)ll(’sis  i. ‘1’ltc valu(I 71* will Iw (I(:fill(’(1  IIJoll](’lltfllilJ’.  Wl)cll  salll-

])lil)~  1]:)s sto])])(I(l 01] all IIy])OtlllCS(W , select tllc l]y])otl~(’sis  wit]) tllc lligl)(wt  sa]l]])l(’ I))(:al].

‘1’11(’ Wllll(!  7/” i s  (l(’fill(’cl  as $ wlI(IIw  d i s  (110s(’11 to s a t i s f y :  ja;,(l’(v  +  O)L ] .f(v)c/.f/  = -7”  ~~’1)(’1”(’

l“(y)  2111(1  f(y) fll(: tllc (:mmlativc  (listlil)utioll full(t iml all(l ])rolml)ility (Icllsity full(:tlioll  of

tlllc stall (lad l]oillla]  (Iistllil)lltiol), c is tl}c ill(lifl”(w~ll(:c  illtlcrval, alId ~“ is tllc col)fidellcc

ICW1. 1 MllIofltr l)rovi(lcs cxtellsivc  tal)]cs to dcl olllillc  d [1 8]. ‘J1llrlll  )ull aIId Weiss l)ro-

vide a ])roof tll)at  tjllcir algoritllll]]  as~~llll)tjotli(::llly  cxl]il)its  tllr rcqumtml collfidc’l)ce  as tllc

average vari:u]m of tlllc lrjqmtjl]csui dividc(l Iry t lIc il)diflkro]cc  i)lt)cwtll col Iw:rgcs to zoo.

(ktolx’1  (i.  1!)94 I)l{AI,”J’



:{411:1’:1: ‘J’I{ANSA(:’J’l  C)NS ON I’A’’’JC;I{N{N  AN AI>YSIS ANI) hfA(:II  IN J’; INT’I’l<;  l/l/l  (;l’;  N[:l’;  , VC)l,.  XX, N(). Y, h4C)N’I’11  1999

St,cvc,  Cllicl) is ~( ‘J’wl)llical (JIO{III  l,caclrt  ill tlic  A r t i f i c i a l  IIltcllip,cllcc  (;Io1]l,,  AdvalIccd

II,fo],)latioll  Systcl,ls  Sdio,, at ll,c .Jtt  l’lolllllsi(,ll  l,al,otaloly,  (kdifw,,ia  l,,s(ilutc  o f  ‘J’ctlb

IIology WI  ICIC IIC l e a d s  cflwts  ill alliw))atd  l)latjllitl~ al)d scllcdulill~. I)J, (~llicll  i s  also all

Ad,itltid Assisla]ll  l’lofcsso].  ~vill,  LIIC l)(lm)tttictit  of (k)]!il,utc]  Scicljcc  of lIIC lJ1liv(lsity  of

SOIIIIICIII  (~alifolllin. IIc IIo]ds  11. S,, M. S.,  ar)d  1’1).1).  dcgrccs  ill  (k)l!il~utcv Scimlcc,  a l l  frot]l

11)[,  llllivcrsity  o f  IIlillois, IIis  c LIrlcl,t  l(s(:trcl,  il,tctcs(s  lic ill  lI,c arc:t<  c) :f  IJltil,ljil,g  slid

scljc(l(llillg,  IIlacl!illc  lcii])lillg,  ol](,rati{)lls  IIw, arcl I, alIcl  dccisio]l  tlicoly,

Jollatl)all  Gralcl]  i s  a  1’1).1).  (allclicli,tc  ill  (IIC (~utlll)(llc]  Scim,cc  l)e})al(l)lcllt  at (Ilc  (J1,  i-

vcrsily  of IIlil lois. IIc IIOICIS  a 11A. ill (’f))]!})tltc]  Scict)c{ fl(]lll  111(  [Illivcmity  of ‘J’cxas at

Alls(itl  a), d al, LI. S. ill (kj]III)IItcr  $kicl,cc  floll] tl,c (Jlliwtsi(y  of IIlit,ois.  h!r.  (~latcli  lIas

alSCI worfi(,(l  al t,f Ic AIIIIy (kjrl~s  of I,;]lgillc(,ls (k, ]isl  I uctio]l  1111.g,illcet illg  I{ CSC:IICII IAIIOI  atoIy,

v.rll(,lc  lIc (lc~,clol)cd  al(ifici:(l  itlt{,lli~cllcc  :tl)l]loacl)cs  for alltoIIIatcd  (I]crt)lal  sysif,l]l  dcsip,ll,

and at tf)c  Jet l’rol)ulsiol]  1 almrato]y,  \vl  IcIc II( det’clol]cd  lealllitlg  tccllliiqucs  fot a(ltolllatcd

sclicd(llil)g.  h i s  lcscalcll  itltclcsls  arc ill s(atisti(al  ali(]  cxl,l:itjaiic,lj-l)?isc,cl  IC,alllillp,  t[clli]icl(lcs

f(,r k,uto],,atcd  l,lal)l,illg  al,d s(f,mluli,,g  systclrls.

l)lt AII’rJ’ oc’t[lllcl  (i, 1994



Mic.lmd  IJIII1  isa I’11.1). calldidateil,  t},cl)c},artlt~clll  ofl<;lcc(rical  l’;l]giilccrillg  (, ftlic[~al-

ifmll  ia Iltstitlltc  c)f ‘J’ccl)llology al)d  a Mc]]ll)c]  of ‘J’kllllical  ,Stafl’  ill tl)c  A r t i f i c i a l  II]tclligcllcc

C;IOUI)) Advalicd  IIlfortllatioll  SYSLCIIIS  $kctioll  at (lIC Jrt l’lcj},ulsioll  ],almratmy,  Califolllia

lllsLitutc of ‘1’cclllldog,y. 11[, lIolds  tlIc  11. S. dcgIcc  ill Al,l,liccl  N4atllcillatics aIId l;lcctt ical

l~llp,illcclillg and tllc  NI. S. clc~lcc ill l,~lc(trical l’)llgillcctill$, flolll  Illc (~aliforllia IIlstitlltc  o f

‘J’cclIIIology,  l{’rolil  1987 tl)rougll  1991,  llcworkml  at tllchflrl’  IIillcolli  ljal,oratc,ry  ill  tllc  llal-

tlcficld  S(llvcillallcc  (; IOU I), wlIc Ic lIc dcv(lo]wd  dl~oli(ll}(ls  to dctccl and classify  s(a!iol)a]y

itl(ludr  tlI(, dcvclcJ}JIIIcIIt  of cfl’cc[ivc  ]Ilacl]illc vision aIId ICalllitlg algo]itllllls.

()(((11)(’1  6, 1994 l)l{AII”l’


